








































































































































































































































































Wklv sdshu vwxglhv dffhvv uhjxodwlrq wr lqwhuqdwlrqdo odujh0ydoxh sd|phqw v|vwhpv
zkhq edqnlqj vxshuylvlrq lv d qdwlrqdo wdvn1 Zh irfxv rq wkh fkrlfh ehwzhhq
doorzlqj qhw vhwwohphqw ru lpsrvlqj uhdo0wlph jurvv vhwwohphqw1 Dv d qryho ihd0
wxuh/ wkh frppxqlfdwlrq ehwzhhq wkh vxshuylvruv lv hqgrjhql}hg1 Lw lv vkrzq
wkdw wkh qdwlrqdo vxshuylvruv* suhihuhqfhv uhjduglqj wkh vhwwohphqw phwkrg duh
qrw shuihfwo| doljqhg1 Dv d uhvxow/ v|vwhplf ulvn lv h{fhvvlyh xqghu sxeolf uhjx0
odwlrq1 Vwloo/ ohdylqj dffhvv uhjxodwlrq wr wkh sulydwh edqnv fdq rqo| eh rswlpdo
li wkh| kdyh vxshulru lqirupdwlrq derxw wkh ulvn ri wkhlu iruhljq frxqwhusduw| lq
wkh vhwwohphqw v|vwhp1
MHO Fodvvlfdwlrqv= H8;/ J53/ J5;1
Nh|zrugv= Sd|phqw V|vwhpv/ Uhjxodwlrq/ Vxshuylvlrq/ V|vwhplf Ulvn41 Lqwurgxfwlrq
Wkh odvw ghfdghv kdyh zlwqhvvhg d vxevwdqwldo lqfuhdvh lq wkh yroxph ri wudqvdfwlrqv
wkdw duh surfhvvhg yld odujh0ydoxh sd|phqw v|vwhpv1 Lq wkh XV/ iru h{dpsoh/ wkh
frpelqhg sd|phqw ydoxh surfhvvhg lq FKLSV dqg Ihgzluh h{fhhghg XV ' 518 wuloolrq
shu gd| lq 4<<;1 Wklv wuhqg lv erwk d uhvxow ri whfkqrorjlfdo fkdqjh dqg ri lqfuhdvhg
qdqfldo dfwlylw|1 Ehfdxvh ri wkh kljk yroxphv wudqvihuuhg dqg wkh odujh vl}h ri wkh
lqglylgxdo sd|phqwv +wkh dyhudjh sd|phqw vl}h lq Ihgzluh zdv XV ' 616 ploolrq,/
sd|phqw v|vwhpv kdyh jurzq wr eh rqh ri wkh prvw olnho| fkdqqhov wkurxjk zklfk
qdqfldo fulvhv frxog sursdjdwh14 Lqwhuqdwlrqdoo|/ wkh jurzlqj lqwhjudwlrq ri qdqfldo
pdunhwv kdv ohg wr d udslg lqfuhdvh lq furvv0erughu wudqvdfwlrqv/ dqg udlvhv ihduv
wkdw fulvhv lq glhuhqw sduwv ri wkh zruog frxog dhfw qdqfldo vwdelolw|1 Wkh ghvljq
ri odujh0ydoxh sd|phqw v|vwhpv/ erwk rq d grphvwlf dqg rq dq lqwhuqdwlrqdo ohyho/ lv
wkxv ri jurzlqj frqfhuq iru v|vwhp sduwlflsdqwv dqg qdqfldo uhjxodwruv1 Iru h{dpsoh/
wkh J043 frxqwulhv hvwdeolvkhg zrunlqj frpplwwhhv lq rughu wr ghyhors vwdqgdugv iru
lqwhuedqn sd|phqw v|vwhpv15
Odujh0ydoxh sd|phqw v|vwhpv fdq jhqhudoo| eh fodvvlhg lqwr wzr w|shv= jurvv v|v0
whpv/ qrz xvxdoo| rshudwlqj lq uhdo wlph/ dqg qhwwlqj v|vwhpv1 Lq Uhdo0Wlph0Jurvv0
Vhwwohphqw v|vwhpv +UWJV,/ doo wudqvihuv pdgh ehwzhhq sduwlflsdwlqj edqnv duh fohduhg
dqg vhwwohg lpphgldwho| dqg luuhyrfdeo|1 Dv d uhvxow/ d edqn fdq eh uhdvrqdeo| vxuh
wr uhfhlyh d sd|phqw rqfh lw kdv ehhq fohduhg/ dqg fuhglw dqg v|vwhplf ulvn lq wkh
vhwwohphqw surfhvv duh plqlpl}hg1 Lq qhw vhwwohphqw v|vwhpv/ rq wkh rwkhu kdqg/ sd|0
phqwv duh fohduhg rqo| dw suh0vshflhg vhwwohphqw wlphv/ dqg rqo| wkh qhw dprxqwv
ri oldelolwlhv duh dfwxdoo| wudqvihuuhg1 Frpsduhg wr jurvv vhwwohphqw/ qhwwlqj wkxv vlj0
qlfdqwo| uhgxfhv wkh dprxqw ri uhvhuyhv wkh edqnv qhhg wr pdlqwdlq iru vhwwohphqw
sxusrvhv1 Krzhyhu/ li d edqn lv xqdeoh wr vhwwoh dw wkh hqg ri wkh gd|/ lwv idloxuh
fdq kdyh vhyhuh frqvhtxhqfhv iru wkh rwkhu sduwlflsdqwv/ dv odujh dprxqwv ri h{shfwhg
sd|phqwv zloo qrw eh uhfhlyhg1 Fohduo|/ wkhuh lv d wudgh0r lq h!flhqf| ehwzhhq wkh
wzr v|vwhpv= li wkh idloxuh ri edqnv lv uhodwlyho| olnho|/ d UWJV v|vwhp lv wkh ehwwhu
4Vwdwlvwlfv frqfhuqlqj wkh wudqvihuv lq Ihgzluh dqg Fklsv fdq eh irxqg rq wkh zhe sdjh ri Ihghudo
UhvhuyhEdqnriQhz\run/kwws=22zzz1q|1iue1ruj2slkrph2ihgsrlqw1
5Uhvxowv ri wklv zrun duh wkh Dqjhoo Uhsruw +4<;<,/ wkh Odpidoxvv| Uhsruw +4<<3,/ dqg wkh Qrîo
Uhsruw +4<<6,1
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d qhwwlqj v|vwhp ehfrphv pruh dwwudfwlyh wkh vdihu wkh edqnv wkdw sduwlflsdwh lq wkh
v|vwhp/ dqg wkh kljkhu wkh rssruwxqlw| frvw ri kroglqj uhvhuyhv1 Wklv edvlf wudgh0r
ehwzhhq qhw dqg jurvv vhwwohphqw v|vwhpv kdv ehhq dqdo|}hg e| Iuhl{dv dqg Sduljl
+4<<;,1
UWJV dqg qhw vhwwohphqw v|vwhpv iuhtxhqwo| frh{lvw1 Lq wkh Hxurshdq Xqlrq/ iru
h{dpsoh/ wkh fhqwudo edqnv ri wkh HX frxqwulhv kdyh lqwurgxfhg WDUJHW/ d furvv0
erughu UWJV v|vwhp1 Sdudooho wr WDUJHW/ sulydwho| ru sxeolfo| rujdql}hg qhw dqg
k|eulg vhwwohphqw v|vwhpv duh rshudwlrqdo +vxfk dv Hxur04/ rshudwhg e| wkh Hxurshdq
Edqnlqj Dvvrfldwlrq,1 Lq wkh XV/ wkh Ihghudo Uhvhuyh Edqnv rshudwh Ihgzluh/ zklfk
lv d UWJV v|vwhp/ zkloh FKLSV lv d sulydwho| uxq qhw vhwwohphqw v|vwhp1
Lq wklv sdshu/ zh vwxg| dffhvv uhjxodwlrq wr frh{lvwlqj qhw vhwwohphqw dqg UWJV v|v0
whpv lq dq lqwhuqdwlrqdo hqylurqphqw1 Zh orrn dw d vlwxdwlrq zkhuh edqnv ri glhuhqw
qdwlrqdolwlhv vhwwoh wkhlu wudqvihuv wkurxjk wkh sd|phqw v|vwhp/ dqg frqvlghu wkh sure0
ohp ri ghflglqj zkhwkhu wkh edqnv vkrxog eh doorzhg wr xvh wkh qhw v|vwhp1 Riwhq/
d ohdg ryhuvhhu lv lq fkdujh ri uhjxodwlqj wkh rujdql}dwlrq ri d vhwwohphqw v|vwhp dqg
hqvxulqj wkdw fhuwdlq vwdqgdugv duh phw1 Wkh vxshuylvlrq ri wkh sduwlflsdwlqj edqnv/
rq wkh rwkhu kdqg/ lv glylghg dprqj wkh krph0frxqwu| dxwkrulwlhv1 Zh dujxh wkdw wkh
ryhuvhhu vkrxog lghdoo| pdnh xvh ri wkh vxshuylvru| lqirupdwlrq lq uhjxodwlqj dffhvv
wr wkh qhw v|vwhp1 Krzhyhu/ lw lv vkrzq wkdw wkh lqwhuqdwlrqdo glylvlrq ri vxshuylvru|
srzhu fuhdwhv lqfhqwlyh sureohpv lq dffhvv uhjxodwlrq/ ehfdxvh wkh qdwlrqdo vxshuyl0
vruv pljkw kdyh vrphzkdw frq lfwlqj lqwhuhvwv1 Rxu ruljlqdo prwlydwlrq iru vwxg|lqj
wklv sureohp zhuh wkh Hxurshdq furvv0erughu vhwwohphqw v|vwhpv1 Krzhyhu/ wkh lvvxhv
wkdw zh vwxg| khuh dovr dulvh lq grphvwlf sd|phqwv v|vwhpv lq zklfk iruhljq edqnv
sduwlflsdwh/ vlqfh wkh orfdo eudqfkhv ri iruhljq edqnv duh prvwo| vxshuylvhg e| wkh
dxwkrulw| lq wkh krph frxqwu| udwkhu wkdq lq wkh krvw frxqwu|1
Zh dqdo|}h dq hfrqrp| zlwk wzr frxqwulhv/ zkhuh frqvxphuv pdnh dqg uhfhlyh furvv0
erughu wudqvihuv1 Lq hdfk frxqwu| wkhuh lv rqh frpphufldo/ surw0pd{lpl}lqj edqn1
Wkh h{lvwhqfh ri edqnv lv mxvwlhg rq wzr jurxqgv= uvwo|/ wkh| duh deoh wr lqyhvw lq
surwdeoh/ orqj0uxq whfkqrorjlhv/ zklfk vkruw0olyhg frqvxphuv frxog qrw gr1 Vhfrqgo|/
edqnv duh sduwlflsdwlqj lq dq lqwhuqdwlrqdo sd|phqw v|vwhp/ hqdeolqj lwv fxvwrphuv
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pd{lpl}hv lwv rzq frxqwu|*v zhoiduh1 Zh dvvxph wkdw wkh orfdo vxshuylvru fdq revhuyh
wkh ulvn ri wkh orfdo exw qrw wkh ulvn ri wkh iruhljq edqn1 Frqfhuqlqj wkh sulydwh
edqn*v lqirupdwlrq/ zh vwxg| wzr glhuhqw vfhqdulrv1 Lq wkh uvw/ zh dvvxph wkdw
sulydwh edqnv kdyh wkh vdph lqirupdwlrq dv wkh vxshuylvruv1 Lw vhhpv sodxvleoh wkdw
d edqn rshudwlqj lqwhuqdwlrqdoo| lv ehwwhu lqiruphg derxw wkh ulvn ri wkhlu iruhljq
frxqwhusduwlhv wkdq wkh orfdo vxshuylvru/ vr dv d vhfrqg vfhqdulr zh dvvxph wkdw
sulydwh edqnv fdq shuihfwo| revhuyh hdfk rwkhu*v w|sh1
Lq wkh hfrqrp| d qhw dqg d jurvv vhwwohphqw v|vwhp duh lq rshudwlrq1 Zkloh edqnv
kdyh iuhh dffhvv wr wkh UWJV v|vwhp/ dffhvv wr wkh qhw v|vwhp lv uhjxodwhg1 Iru
vlpsolflw|/ zh devwudfw iurp h{solflwo| prghoolqj d vxsudqdwlrqdo uhjxodwru1 Lqvwhdg/
zh dvvxph wkdw wkh orfdo vxshuylvruv mrlqwo| ghflgh xsrq wkh edqnv* dffhvv wr wkh
qhw vhwwohphqw v|vwhp16 Gxh wr wkh glylvlrq ri vxshuylvru| uhvsrqvlelolwlhv ehwzhhq
frxqwulhv/ wkh vxshuylvruv kdyh wr uho| rq hdfk rwkhu*v lqirupdwlrq zkhq uhjxodwlqj
dffhvv wr wkh v|vwhp1 Zh prgho wkh frppxqlfdwlrq ehwzhhq wkh vxshuylvruv h{solflwo|1
Lw lv vkrzq wkdw wkh vxshuylvruv kdyh lqfhqwlyhv wr xqghuvwdwh wkh ulvn ri wkh orfdo edqn/
ehfdxvh wkh iruhljq hfrqrp| fduulhv vrph ri wkh frvwv ri idloxuh lq d qhw vhwwohphqw
v|vwhp1 Wkhuhiruh/ wkh qdwlrqdo vxshuylvruv doorz wrr ulvn| edqnv lqwr wkh qhwwlqj
v|vwhp1 Rq wkh rwkhu kdqg/ wkh sulydwh edqnv idfh olplwhg oldelolw|/ zklfk lqgxfhv
wkhp wr fkrrvh qhw vhwwohphqw wrr riwhq dv zhoo1 V|vwhplf ulvn lv wkhuhiruh kljkhu
wkdq ghvludeoh erwk zkhq wkh sxeolf dqg wkh sulydwh vhfwru ghflgh xsrq dffhvv wr
wkh qhwwlqj v|vwhp1 Zh qg wkdw li wkh sulydwh edqnv kdyh wkh vdph lqirupdwlrq dv
wkh vxshuylvruv/ wkh ghflvlrq derxw wkh prgh ri vhwwohphqw vkrxog eh pdgh e| wkh
vxshuylvruv1 Krzhyhu/ li wkh sulydwh edqnv srvvhvv vxshulru lqirupdwlrq derxw wkh
iruhljq edqnv* ulvnv/ lw fdq eh h!flhqw wr ohdyh wklv ghflvlrq wr wkh sulydwh edqnv1
Wkh olwhudwxuh rq odujh0ydoxh sd|phqw v|vwhpv lv uhodwlyho| vpdoo/ exw wkhuh duh vrph
sdshuv wkdw ghdo zlwk lvvxhv uhodwhg wr rxuv1 Ndkq dqg Urehugv +4<<;, prgho wkh
wudgh0r ehwzhhq jurvv dqg qhw vhwwohphqw/ dujxlqj wkdw zkloh d jurvv v|vwhp uhtxluhv
6Lq sudfwlfh/ glhuhqw djhqflhv duh uhvsrqvleoh iru edqnlqj vxshuylvlrq dqg sd|phqw v|vwhp ryhu0
vljkw/ zklfk ohdgv wr lqirupdwlrq  rzv ehwzhhq vxshuylvruv/ uhjxodwruv/ dqg riwhq fhqwudo edqnv/ erwk
zlwklq d frxqwu| dqg furvv0erughu1 Zlwk rxu vlpsolhg vhwxs zlwk rqo| wzr qdwlrqdo djhqflhv/ zh
duh qhyhuwkhohvv deoh wr fdswxuh wkh qhhg wr frruglqdwh lqirupdwlrq iurp glhuhqw vrxufhv1
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rq wkhlu rxwvwdqglqj sd|phqwv1 Wkh frh{lvwhqfh ri qhw vhwwohphqw dqg UWJV v|vwhp
lv glvfxvvhg lq Urfkhw dqg Wluroh +4<<9,1 Jldqqlql dqg Prqwlfhool +4<<8, srlqw rxw
wkdw sulydwho| rujdql}hg qhwwlqj v|vwhpv pljkw xqghuplqh wkh Hxurshdq V|vwhp ri
Fhqwudo Edqnv* remhfwlyhv ri uhgxflqj v|vwhplf ulvn1 Rwkhu dxwkruv +h1j1/ Jlrydqqlql
+4<<5, dqg Vfkrhqpdnhu +4<<8,, kdyh vwxglhg sureohpv frqfhuqlqj wkh glylvlrq ri
edqnlqj vxshuylvru| srzhuv zlwklq wkh Hxurshdq Xqlrq1 Wr rxu nqrzohgjh/ wklv
lv wkh uvw sdshu wkdw surylghv d irupdo dqdo|vlv ri wkh uhjxodwlrq ri lqwhuqdwlrqdo
sd|phqw v|vwhpv1 Dv d qryho ihdwxuh/ zh wdnh wkh glylvlrq ri vxshuylvru| srzhuv
dprqj frxqwulhv h{solflwo| lqwr dffrxqw dqg hqgrjhql}h wkh frppxqlfdwlrq ehwzhhq
wkh qdwlrqdo vxshuylvruv1 Lq wkh prghoolqj ri wkh frppxqlfdwlrq/ zh gudz rq suhylrxv
zrun e|/ lq sduwlfxodu/ Fudzirug dqg Vreho +4<;5, dqg Phoxpdg dqg Vkledqr +4<<4,1
Wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5/ wkh prgho lv ghvfulehg1 Vhfwlrq 6
glvfxvvhv wkh hhfwv ri jurvv dqg qhw vhwwohphqw rq wkh edqnv* sruwirolr fkrlfh dqg rq
v|vwhplf vwdelolw|1 Lq vhfwlrq 7/ zh dqdo|}h wkh dffhvv frqglwlrqv wr wkh qhw v|vwhp
lpsrvhg e| sxeolf uhjxodwlrq1 Wklv lv grqh uvw xqghu wkh dvvxpswlrq wkdw hdfk
vxshuylvru fdq revhuyh erwk edqnv* w|shv/ dqg wkhq dvvxplqj orfdo vxshuylvlrq1 Wkh
sulydwh edqnv* dffhvv fulwhuld duh ghulyhg lq vhfwlrq 8/ dqg wkh h!flhqf| ri sulydwh
dqg sxeolf vroxwlrqv duh frpsduhg1 Vrph h{whqvlrqv ri wkh prgho duh glvfxvvhg lq
vhfwlrq 91 Ilqdoo|/ vhfwlrq : frqfoxghv1 Doo surriv duh lq wkh dsshqgl{1
51 Wkh Prgho
Wkh Hfrqrp| Zh frqvlghu dq ROJ prgho zlwk wzr frxqwulhv dqg wkuhh shulrgv1
Wkhuh duh wzr jhqhudwlrqv ri fxvwrphuv/ zkr duh eruq hlwkhu dw wlph 3 +fxvwrphuv
D, ru dw wlph 4 +fxvwrphuv E,1 Wkh| olyh iru 5 shulrgv hdfk1 Fxvwrphuv duh
hqgrzhg zlwk rqh xqlw ri prqh|1 Gxulqj wkh uvw shulrg ri wkhlu olyhv/ wkh| zlvk wr
pdnh sd|phqwv wr fxvwrphuv lq wkh rwkhu frxqwu|> h1j1/ iru sxufkdvlqj jrrgv1 Wkh
vl}h ri wkh sd|phqwv wkdw wkh fxvwrphuv zdqw wr pdnh lv wdnhq wr eh {hg dqg htxdo
wr w1 Wkh fxvwrphuv zlvk wr frqvxph rqo| lq wkh vhfrqg shulrg ri wkhlu olyhv dqg wkh|
duh ulvn0qhxwudo1
Lq hdfk frxqwu|/ wkhuh lv rqh edqn1 Dw wlph 3/ wkh edqnv froohfw ghsrvlwv iurp wkh
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edqn uhvhuyhv/ |lhoglqj }hur lqwhuhvw/ dqg lq d ulvn| frxqwu|0vshflf whfkqrorj| zlwk
d srvlwlyh h{shfwhg uhwxuq1 Diwhu ghsrvlwlqj/ fxvwrphuv D fdq xvh wkhlu ghsrvlwv wr
pdnh sd|phqwv wr fxvwrphuv ri wkh rwkhu edqn1 Dw wlph 4/ fxvwrphuv D zlwkgudz
wkhlu prqh|/ dqg fxvwrphuv E ghsrvlw1 Wkh edqn fdq wkxv xvh wkh qhzo| ghsrvlwhg
ixqgv wr sd| sduwv ri lwv reoljdwlrq wr fxvwrphuv D1 Doo fxvwrphuv ghpdqg d qrq0
qhjdwlyh h{shfwhg uhwxuq rq wkhlu ghsrvlwv1
Dw wlph 5/ wkh ulvn| whfkqrorj| |lhogv d uhwxuq ri U/l iv x f f h v v i x o /d q g3 rwkhuzlvh1
Wkh suredelolw| ri idloxuh ri Frxqwu| l*v ulvn| whfkqrorj| lv ghqrwhg h t￿1 Lq rughu wr
kdyh dv|pphwulf lqirupdwlrq derxw wkh ulvnlqhvv ri wkh orfdo edqn/ zh dvvxph wkdw
h t￿ lv d udqgrp yduldeoh1 Iru vlpsolflw|/ lw lv dvvxphg wkdw h t￿ lv xqlirupo| glvwulexwhg
ehwzhhq 3 dqg 41 Wkh uhdol}dwlrq ri h t￿ lv ghqrwhg t￿ +t￿ lv dovr fdoohg wkh edqn*v
w|sh,1 Dw wlph 4/ wkh ulvn| whfkqrorj| fdq eh oltxlgdwhg suhpdwxuho|1 Oltxlgdwlrq
lv frvwo|/ dqg wkh ulvn| whfkqrorj| rqo| sd|v O/ 3 ?O?4/ li vxffhvvixo/ dqg 3 li
xqvxffhvvixo1
Sd|phqw V|vwhpv Df x v w r p h ul qf r x q w u |l f d qp d n hs d | p h q w vw rdf x v w r p h ul q
frxqwu| m e| wudqvihuulqj ixqgv iurp klv dffrxqw dw edqn l wr wkh uhfhlyhu*v dffrxqw
dw edqn m1 Wudqvihuv ehwzhhq edqnv duh pdgh yld d sd|phqw v|vwhp1
Sd|phqwv fdq eh vhwwohg hlwkhu lq d jurvv ru lq d qhw vhwwohphqw v|vwhp1 Wkh jurvv
vhwwohphqw v|vwhp rshudwhv rq d uhdo0wlph edvlv/ zkhuh sd|phqwv duh vhwwohg dqg
fohduhg lpphgldwho| dqg luuhyrfdeo| +UWJV,1 Jurvv vhwwohphqw uhtxluhv wkh edqnv wr
krog fhqwudo edqn uhvhuyhv htxdo wr wkh dprxqw wkdw zloo eh wudqvihuuhg wr wkh rwkhu
edqn1 +Zh dvvxph wkdw wkhuh duh qr ryhugudiw idflolwlhv1, Vlqfh wkh wrwdo wudqvihuv
pdgh hyhu| shulrg duh frqvwdqw dqg htxdo wr w/ edqnv kdyh wr krog w uhvhuyhv lq hdfk
shulrg1 Lq d qhw vhwwohphqw v|vwhp/ lqfrplqj dqg rxwjrlqj sd|phqwv duh fohduhg dw
wkh hqg ri wkh gd|/ dqg rqo| wkh qhw oldelolwlhv duh wudqvihuuhg1 Wkh edqnv vhqg dqg
uhfhlyh wudqvihuv ri w1 Dv orqj dv wkhuh lv qr idloxuh/ qr uhvhuyhv duh qhhghg lq rughu
wr vhwwoh1
Zh dvvxph wkdw d jurvv dqg d qhw vhwwohphqw v|vwhp duh douhdg| lq rshudwlrq1 Wkh wzr
edqnv fdq rqo| xvh wkh qhw vhwwohphqw v|vwhp li wkh| erwk djuhh wr sduwlflsdwh lq lw>
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qhw vhwwohphqw kdv wr eh dssuryhg e| wkh vxshuylvruv1 Wudqvihuv duh wkhuhiruh rqo|
qhwwhg rxw li erwk vxshuylvruv dqg sulydwh edqnv djuhh xsrq lw1
Wkh Edqnuxswf| Uxoh Zh qhhg wr ghqh d edqnuxswf| uxoh wkdw ghwhuplqhv wkh
sd|phqw reoljdwlrqv ri wkh wzr qhwwlqj sduwqhuv lq wkh fdvh wkdw rqh ri wkhp ghidxowv1
Zh dvvxph wkdw edqnv duh dozd|v reoljhg wr ixooo wkhlu vhwwohphqw reoljdwlrqv wr wkh
rwkhu edqn/ uhjdugohvv ri zkhwkhu wkh frxqwhusduw| kdv ghfoduhg edqnuxswf| ru qrw17
Zh ixuwkhupruh dvvxph wkdw ghsrvlwruv* fodlpv rq d edqn*v dvvhwv duh vhqlru wr fodlpv
iurp wkh rwkhu edqn1 Li d edqn lv qrw deoh wr ixooo lwv sd|phqw reoljdwlrqv wr hlwkhu
wkh ghsrvlwruv ru wr wkh rwkhu edqn/ lw kdv wr ghfoduh edqnuxswf|1 Wkhvh uxohv lpso|=
+4, d idloxuh ri d edqn*v ulvn| whfkqrorj| ohdgv wr edqnuxswf| ri wklv edqn/ dqg
+5, lq wkh qhwwlqj v|vwhp/ wkh rwkhu edqn +li lw lwvhoi lv qrw edqnuxsw, lv reoljhg wr
wudqvihu w wr wkh idlolqj edqn/ zklfk wkh uhfhlylqj edqn wkhq zloo xvh wr sd| wr lwv
fxvwrphuv1 Ehfdxvh wkh wudqvihu w qhhgv wr eh pdgh rqo| li rqh ri wkh sduwlhv ghidxowv/
exw rwkhuzlvh qhwv rxw djdlqvw lqfrplqj sd|phqwv/ zh uhihu wr lw dv wkh Dgglwlrqdo
Vhwwohphqw Reoljdwlrq +DVR,1 Lq d jurvv vhwwohphqw v|vwhp/ wkhuh lv qr DVR ehfdxvh
vhwwohphqw dozd|v rffxuv lpphgldwho|1
Vxshuylvlrq dqg Uhjxodwlrq Lq hdfk frxqwu|/ d orfdo vxshuylvru +OV, lv lq fkdujh
ri edqnlqj vxshuylvlrq1 Dw wlph 3/ wkh vxshuylvru lq frxqwu| l/O V ￿/ fdq revhuyh
shuihfwo| wkh orfdo edqn*v w|sh/ t￿/ exw lw uhfhlyhv qr lqirupdwlrq derxw wkh iruhljq
edqn*v w|sh/ t￿1
Wkh orfdo vxshuylvruv ghflgh mrlqwo| derxw edqnv* dffhvv wr wkh qhw v|vwhp1 Rqo| li
erwk vxshuylvruv djuhh/ wkh edqnv lq erwk frxqwulhv duh doorzhg wr vhwwoh rq d qhw
edvlv1 Rwkhuzlvh/ wkh| kdyh wr xvh wkh jurvv vhwwohphqw v|vwhp1 Wkh vxshuylvruv
ghflgh xsrq dffhvv wr wkh sd|phqw v|vwhp dv wr pd{lpl}h orfdo zhoiduh1 Zhoiduh0
pd{lpl}lqj dffhvv uhjxodwlrq/ krzhyhu/ ghshqgv rq wkh ulvn ri erwk wkh orfdo dqg wkh
iruhljq edqn/ l1h1 rq wkh lqirupdwlrq jdwkhuhg e| erwk vxshuylvruv1 Wkh vxshuylvruv
7Zh frxog lqvwhdg kdyh dvvxphg wkdw wkh edqnv duh rqo| oldeoh iru wkh qhw dprxqw ri rxwvwdqglqj
sd|phqwv +vr0fdoohg *qhwwlqj e| qrydwlrq*,1 Iru qdqfldo frqwdjlrq wr rffxu/ zh zrxog wkhq qhhg wr
dvvxph qrq0edodqfhg sd|phqw vwuhdpv vxfk wkdw d idlolqj edqn frxog kdyh qhw oldelolwlhv1
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Zh prgho wkh lqirupdwlrq h{fkdqjh lq wkh iroorzlqj zd|= Ehiruh wkh jdph vwduwv
+h1j1 dw wlph W @ 4,/ wkh vxshuylvruv djuhh xsrq d vfkhph wkdw ghflghv iru zklfk
+t￿>t 2, q h wv h w w o h p h q wv k r x o ge hd o o r z h g 1D ww k l vv w d j hw k h u hl vq rf r q  l f wr il q w h u h v w
dv wkh frxqwulhv duh lghqwlfdo ehiruh wkh ulvnv duh uhdol}hg1 Wkh vxshuylvruv wkhuhiruh
fkrrvh wkh vfkhph wkdw pd{lpl}hv wkh h{shfwhg zhoiduh ri wkh frxqwulhv1 Diwhuzdugv/
wkh uhjxodwru| jdph lv dv iroorzv= +4, Wkh sulydwh edqnv dsso| wr vhwwoh rq d qhw
edvlv/ +5, Wkh vxshuylvruv uhsruw wkh orfdo edqnv* w|sh wr hdfk rwkhu1 Li wkh w|shv
duh vxfk wkdw qhwwlqj vkrxog eh doorzhg dffruglqj wr wkh suh0qhjrwldwhg vfkhph/ wkh
shuplvvlrq lv judqwhg1 Rwkhuzlvh/ wkh edqnv xvh wkh jurvv v|vwhp1 Zh glvfxvv wkh
vfkhph dqg wkh uhjxodwru| jdph lq pruh ghwdlo odwhu1
Zh gr qrw dvvxph wkdw wkhuh lv ghsrvlw lqvxudqfh dv zh duh frqvlghulqj odujh0ydoxh
sd|phqw v|vwhpv1 Wkh wudqvihuv lq wkhvh v|vwhpv/ zklfk xvxdoo| ruljlqdwh iurp fru0
srudwh folhqwv udwkhu wkdq vlqjoh krxvhkrogv/ duh yhu| odujh1 Ghsrvlw lqvxudqfh/ dv lw lv
lq sodfh lq prvw frxqwulhv/ zrxog wkhuhiruh rqo| fryhu d vpdoo iudfwlrq ri wkh ghsrvlwv
lq txhvwlrq18c9
Lqirupdwlrq Dw wlph }hur/ wkh orfdo edqn dqg orfdo vxshuylvru fdq revhuyh wkh orfdo
edqn*v w|sh1 Zh dvvxph wkdw wkh vxshuylvruv fdqqrw revhuyh wkh ulvn ri wkh iruhljq
edqn1 Zh frqvlghu wzr glhuhqw vfhqdulrv uhjduglqj wkh sulydwh edqnv* lqirupdwlrq=
lq wkh uvw/ wkh orfdo edqn grhv qrw uhfhlyh dq| lqirupdwlrq derxw wkh iruhljq edqn*v
w|sh1 Lq wkh vhfrqg/ lw fdq shuihfwo| revhuyh wkh iruhljq edqn*v w|sh1 Dw wlph 4/
vxshuylvruv/ sulydwh edqnv/ dqg fxvwrphuv uhfhlyh d shuihfw vljqdo derxw wkh vxffhvv
ri wkh ulvn| surmhfwv lq erwk frxqwulhv1
Dvvxpswlrq 4= Wkh fxvwrphuv revhuyh wkh w|sh ri vhwwohphqw v|vwhp xvhg dw wlph 41
Dvvxpswlrq 4 lpsolhv wkdw wkh fxvwrphuv revhuyh wkh w|sh ri vhwwohphqw v|vwhp xvhg
8Lq wkh hxur0duhd/ ghsrvlw lqvxudqfh fryhuv ehwzhhq 481333 dqg 4331333 hxurv +vhh Pdvfldqgdur
dqg Fdsshood 4<<<,1 Krzhyhu/ wkh dyhudjh vl}h ri furvv0erughu fxvwrphu sd|phqwv lq WDUJHW lv
urxjko| 416331333 hxur +vrxufh= HFE Prqwko| Exoohwlq/ Ghfhpehu 4<<<,1
9Ghsrvlw lqvxudqfh zrxog lqwurgxfh qr dgglwlrqdo prudo kd}dug sureohpv lq rxu prgho1 Wkhuhiruh/
d ixoo ghsrvlw lqvxudqfh zrxog lqfuhdvh wkh zhoiduh lq wkh qhwwlqj v|vwhp xqdpeljxrxvo|/ vlqfh edqn
uxqv zrxog eh holplqdwhg1 Ghwdlov duh dydlodeoh xsrq uhtxhvw1
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uhfhlyhg1: Rxu pdlq uhvxowv gr qrw ghshqg rq wklv dvvxpswlrq/ exw lw doorzv xv wr
vroyh wkh prgho lq forvhg irup1 Zh uhod{ Dvvxpswlrq 4 lq vhfwlrq 9161
Wkh wlplqj lv vxppdul}hg dv iroorzv=
W @3 W @4 W @5
pruqlqj 0 edqn dqg vxshuylvru l revhuyh t￿ 0 fxvwrphuv D wudqvihu 0 fxvwrphuv E wudqvihu
0 edqnv dsso| wr xvh qhw v|vwhp 0 jurvv v|vwhp= vhwwohphqw 0 jurvv v|vwhp= vhwwohphqw
0 lqirupdwlrq h{fkdqjh
0 vxshuylvruv ghflgh xsrq dffhvv
hyhqlqj 0 fxvwrphuv D ghsrvlw 0 ulvn| uhwxuqv revhuyhg 0 ulvn| uhwxuqv uhdol}hg
0 edqnv lqyhvw 0 fxvwrphuv E ghsrvlw 0 qhw v|vwhp= vhwwohphqw
0 qhw v|vwhp= vhwwohphqw 0 fxvwrphuv E zlwkgudz
0 fxvwrphuv D zlwkgudz
61 Jurvv dqg Qhw Vhwwohphqw
6141 Wkh Fxvwrphuv
Dw wlph 3/ zkhq wkh ghsrvlw frqwudfw zlwk wkh fxvwrphuv D lv vljqhg/ qhlwkhu wkh
edqnv* w|shv qru wkh vhwwohphqw v|vwhp duh nqrzq1 Krzhyhu/ wkh ulvn lqfxuuhg e|
wkh fxvwrphuv D zkhq ghsrvlwlqj lq wkh edqn ghshqgv rq erwk wkhvh idfwruv1 Wkh
fxvwrphuv D wkhuhiruh ghpdqg dq lqwhuhvw udwh/ u/ zklfk frpshqvdwhv wkhp iru wklv
ulvn1 Lq wkh iroorzlqj dqdo|vlv/ zh zloo vhh wkdw lq wkh edvh prgho/ wkh lqwhuhvw udwh
grhv qrw dhfw wkh fkrlfh ri vhwwohphqw v|vwhp1 Wklv doorzv xv wr vroyh wkh jdph
edfnzdugv= Iluvw/ wkh fkrlfh ri vhwwohphqw v|vwhp lv ghwhuplqhg dv d ixqfwlrq ri wkh
edqnv* w|shv1 Wklv lv grqh lq vhfwlrqv 7 dqg 81 Diwhuzdugv/ zh qg wkh lqwhuhvw
udwh wkdw hqvxuhv fxvwrphuv D d qrq0qhjdwlyh h{shfwhg uhwxuq rq wkhlu ghsrvlwv1 Wkh
lqwhuhvw udwh lv ghulyhg lq dsshqgl{ E1
:Vxssrvh wkh frqvxphuv frxog revhuyh wkh vhwwohphqw v|vwhp ehiruh pdnlqj wudqvihuv1 Wkh fkrlfh
ri vhwwohphqw v|vwhp frqwdlqv lqirupdwlrq derxw wkh ulvn ri wkh edqnv1 Wkh lqwhuhvw udwh zrxog
wkhuhiruh kdyh wr eh frqwlqjhqw rq wkh w|sh ri vhwwohphqw v|vwhp fkrvhq wr dyrlg wkdw wkh frqvxphuv
zlwkgudz wkhlu ghsrvlwv1
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uhwxuq wkh ghsrvlwv wr fxvwrphuv D1 Dw wlph 5/ wkh fxvwrphuv E d u hw k h qs d l ge d f n
wkhlu ghsrvlwv rxw ri wkh uhwxuqv iurp wkh ulvn| whfkqrorj|1 Fxvwrphuv E revhuyh
erwk wkh w|sh ri vhwwohphqw v|vwhp dqg wkh vxffhvv ri wkh ulvn| whfkqrorj| lq wkh
wzr frxqwulhv ehiruh ghsrvlwlqj1 Wkh fxvwrphuv E gr qrw ghsrvlw lq d edqn zlwk dq
xqvxffhvvixo whfkqrorj|/ dv wkh edqn zloo qrw eh deoh wr uhwxuq wkh ghsrvlwv dw wlph
51 Lq wkh iroorzlqj vhfwlrqv/ lw lv glvfxvvhg xqghu zklfk frqglwlrqv wkh fxvwrphuv E
lqyhvw lq d edqn zlwk d vxffhvvixo whfkqrorj|1 Iru qrz/ qrwlfh= Fxvwrphuv E idfh qr
xqfhuwdlqw| derxw wkh ydoxh ri wkh edqn*v dvvhwv1 Khqfh/ li wkh fxvwrphuv E ghsrvlw
lq wkh edqn/ wkh| ghpdqg }hur lqwhuhvw udwh/ dv wkh| duh fhuwdlq wr eh uhsdlg1
6151 Jurvv Vhwwohphqw
Lq d jurvv vhwwohphqw v|vwhp/ wkh edqnv qhhg wr krog w uhvhuyhv hyhu| shulrg wr eh
deoh wr vhwwoh doo rxwjrlqj wudqvihuv1 Wkh edqnv xvh wkh ghsrvlwv ri fxvwrphuv E wr
sd| fxvwrphuv D1W k hf x v w r p h u vE ghsrvlw rqo| 4/ exw wkh edqnv kdyh wr sd| 4.u wr
fxvwrphuv D1 Khqfh/ lq wkh uvw shulrg/ wkh edqnv krog dgglwlrqdo u uhvhuyhv rq wrs
ri wkh vhwwohphqw uhtxluhphqwv1 Dw wlph 3/ edqnv wkxv pxvw lqyhvw dw ohdvw w .u lqwr
uhvhuyhv wr eh deoh wr ixooo lwv reoljdwlrqv wr wkh fxvwrphuv D dw wlph 41I r u q r z /
dvvxph wkdw wkh uhpdlqlqj 4wu duh lqyhvwhg lqwr wkh ulvn| whfkqrorj|1 Lq dsshqgl{
F/ zh vkrz wkdw wklv lv wkh surw pd{lpl}lqj sruwirolr fkrlfh lq htxloleulxp1
Li fxvwrphuv E ghsrvlw/ fxvwrphuv D zlwkgudz 4.u dw wlph 41 Hdfk edqn krogv wkhq
w lq uhvhuyhv dqg 4  w  u lq wkh ulvn| dvvhw1 Li wkh surmhfw lv vxffhvvixo/ wkh edqnv
kdyh +4  w  u,U . w dw wlph 51 Wkhuhiruh/ fxvwrphuv E ghsrvlw li dqg rqo| li wkh
whfkqrorj| lv vxffhvvixo dqg
+4  w u,U . w  4 +614,
Zh dvvxph wkdw +614, krogv1; Li wkh ulvn| whfkqrorj| lv xqvxffhvvixo/ fxvwrphuv E gr
qrw ghsrvlw/ dv wkh edqn fdqqrw uhwxuq wkh ghsrvlw dw wlph 51 Wkh edqn lv wkhq irufhg
lqwr edqnuxswf| dw wlph 4/ ehfdxvh lw fdqqrw sd| 4.u wr fxvwrphuv D1V l q f h w k h
;Li +614, grhv qrw krog/ wkh edqnv fdqqrw lqyhvw lq wkh ulvn| whfkqrorj| zkhq vhwwohphqw lv grqh
rq d jurvv edvlv1 Zhoiduh dqg surwv duh wkhq wulyldoo| htxdo wr }hur1
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wkh uhvhuyhv wkdw wkh edqn krogv/ w .u1
Iru nqrzq t￿/e d q nl*v h{shfwhg surwv lq wkh jurvv v|vwhp duh
￿
C+t￿,@+ 4 t￿,^+4  u  w,U  +4  w,`= +615,
Wkh h{shfwhg zhoiduh lv
Z￿
C+t￿,@+ 4 w  u,^+4 t￿,U 4`= +616,
Wkh kljkhu wkh ydoxh ri wudqvihuv/ w/ wkh ohvv h!flhqw lv jurvv vhwwohphqw/ vlqfh ohvv
fdq eh lqyhvwhg lq wkh pruh surwdeoh ulvn| whfkqrorj|1 Vlploduo|/ zhoiduh dqg surwv
duh ghfuhdvlqj lq wkh lqwhuhvw udwh/ ehfdxvh ri wkh dgglwlrqdo uhvhuyhv wkdw wkh edqn
qhhgv wr krog/ zkloh wkh| duh lqfuhdvlqj lq wkh uhwxuq rq wkh ulvn| whfkqrorj|1
Zhoiduh dqg surwv gr qrw frlqflgh ehfdxvh ri olplwhg oldelolw| dqg ehfdxvh wkh fxv0
wrphuv idfh lqirupdwlrqdo frqvwudlqwv1 Wkh edqn grhv qrw wdnh lqwr dffrxqw wkh orvv
lqfxuuhg e| wkh fxvwrphuv li wkh edqn idlov/ dv lw idfhv olplwhg oldelolw|1 Li wkh fxvwrphuv
revhuyhg wkh edqnv* w|shv dqg wkh vhwwohphqw v|vwhp fkrvhq/ wkh| zrxog ghpdqg dq
lqwhuhvw wkdw zrxog uh hfw wkh wuxh ulvn lqfxuuhg zkhq ghsrvlwlqj lq wkh edqn1 Wkh
lqwhuhvw udwh zrxog pdnh wkh edqn lqwhuqdol}h wkh orvvhv ri wkh fxvwrphuv/ dqg zho0
iduh dqg surwv zrxog eh doljqhg1 Khuh/ krzhyhu/ wkh fxvwrphuv revhuyh qhlwkhu wkh
vhwwohphqw v|vwhp fkrvhq qru wkh ulvnv ri wkh edqnv1 Khqfh/ wkh| fdqqrw dgmxvw wkh
lqwhuhvw udwh wr wkh ulvn/ dqg wklv gulyhv lq d zhgjh ehwzhhq sxeolf dqg sulydwh lqwhu0
hvwv1 Zh zrxog olnh wr hpskdvl}h/ dv glvfxvvhg lq vhfwlrq 916/ wkdw zhoiduh dqg surwv
vwloozrxogqrwfrlqflghliwkhfxvwrphuvrevhuyhgwkhvhwwohphqwv|vwhpexwqrwwkh
w|shv ri wkh edqnv1
6161 Qhw Vhwwohphqw
Lq d qhw vhwwohphqw v|vwhp/ edqnv gr qrw qhhg wr krog uhvhuyhv iru vhwwohphqw sxusrvhv1
Wkh| vwloo kdyh wr krog u wr sd| wkh fxvwrphuv D wkh surplvhg lqwhuhvw udwh1 Dv ehiruh/
zh dvvxph wkdw wkh uhpdlqlqj 4  u lv lqyhvwhg lq wkh ulvn| whfkqrorj|1 Lq dsshqgl{
F wklv lv vkrzq wr eh rswlpdo lq htxloleulxp1
Vxssrvh wkdw wkh ulvn| whfkqrorj| ri rqh ri wkh edqnv idlov1 Wkh edqn zlwk wkh
orz uhwxuq jrhv edqnuxsw ehfdxvh wkh fxvwrphuv E gr qrw ghsrvlw1 Wkh surwv ri
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Reoljdwlrq +DVR,1 Iroorzlqj rxu dvvxpswlrqv/ DVR lv htxdo wr w1 Wkh edqn krogv
rqo| u uhvhuyhv/ zklfk lw kdv wr sd| wr wkh fxvwrphuv D dw wlph 41 Wr sd| +sduwv ri,
DVR/ lw lv qhfhvvdu| wr oltxlgdwh Plqi4u> |
uj ri wkh ulvn| whfkqrorj|1 Rxu dqdo|vlv
ghshqgv fuxfldoo| rq zkhwkhu wkh edqn fdq uhsd| wkh fxvwrphuv E diwhu oltxlgdwlqj
vrph ri wkh ulvn| whfkqrorj|1 Li wkh edqn fdqqrw uhsd| wkh fxvwrphuv E/w k h v hg r
qrw ghsrvlw/ dqg doo ri wkh ulvn| whfkqrorj| lv oltxlgdwhg wr sd| wkh fxvwrphuv D1
Wklv lv wkh fdvh ri Ixoo Frqwdjlrq1 Rq wkh rwkhu kdqg/ li wkh edqn lv deoh wr uhsd|
wkh fxvwrphuv E/ wkhvh zloo ghsrvlw/ dqg wkh edqn vxuylyhv1 Zh uhihu wr wklv fdvh dv
Sduwldo Frqwdjlrq1< Sduwldo Frqwdjlrq +SF, rffxuv li dqg rqo| li43
+4  u 
w
O
,U  4= +617,
Dvvxpswlrq 5= Wkhuh lv Sduwldo Frqwdjlrq1
Wkh fdvh ri Ixoo Frqwdjlrq zloo eh glvfxvvhg lq vhfwlrq 9141 Xqghu Sduwldo Frqwdjlrq/
d edqn zloo pdnh srvlwlyh surwv li lwv rzq ulvn| whfkqrorj| lv vxffhvvixo +dqg }hur
surwv li lw lvq*w,1 Surwv duh kljkhvw li wkh rwkhu edqn dovr vxffhhgv1 Iru jlyhq t￿>t ￿/
wkh h{shfwhg surwv ri Edqn l wudglqj zlwk Edqn m duh jlyhq dv=
￿




Zh vhh wkdw zlwk qhw vhwwohphqw/ wkh iruhljq edqn*v idloxuh udwh t￿ lv fuxfldo iru h{0
shfwhg surwv= D kljk frxqwhusduw| ulvn uhgxfhv surwv ri sduwlflsdwlqj lq wkh qhwwlqj
v|vwhp ehfdxvh wkhuh lv d kljk suredelolw| wkdw d edqn kdv wr sd| wkh Dgglwlrqdo Vhw0
wohphqw Reoljdwlrq/ w/ wr wkh idlolqj edqn1 Surwv lqfuhdvh lq wkh oltxlgdwlrq ydoxh ri
d vxffhvvixo surmhfw/ vlqfh lw uhgxfhv wkh iudfwlrq ri wkh ulvn| whfkqrorj| wkdw qhhgv
wr eh oltxlgdwhg wr sd| DVR1
Wkh h{shfwhg zhoiduh ri frxqwu| l lv=
Z￿





 t￿+4  t￿,

= +619,
<*Ixoo* dqg *Sduwldo* Frqwdjlrq fruuhvsrqg wr gh Edqgw dqg Kduwpdqq*v +4<<<, fodvvlfdwlrq ri
*zhdn* dqg *vwurqj* frqwdjlrq1
43Qrwlfh wkdw frqglwlrq +617, dovr lpsolhv wkdw wkh frqvxphuv  ghsrvlw lq wkh jurvv v|vwhp zkhq
wkh uhwxuq lv kljk1
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wklv/ wkh fxvwrphuv uhfhlyh w +DVR, iurp wkh iruhljq edqn li lw vxuylyhv1
71 Sxeolf Uhjxodwlrq
Lq wklv vhfwlrq zh fkdudfwhul}h wkh vxshuylvruv* uhjxodwlrq ri dffhvv wr wkh qhw vhw0
wohphqw v|vwhp1 Iluvw/ zh dvvxph wkdw wkh vxshuylvruv revhuyh erwk wkh w|sh ri wkh
orfdo dqg ri wkh iruhljq edqn +v|pphwulf lqirupdwlrq,1 Wklv vhuyhv wr looxvwudwh wkh
suhihuhqfhv ri wkh vxshuylvruv dqg wr h{sodlq vrph ri wkh hhfwv gulylqj wkh prgho1
Diwhuzdugv/ zh wxuq wr wkh frpsohwh prgho zkhuh vxshuylvruv revhuyh rqo| wkh orfdo
edqn*v w|sh dqg pxvw h{fkdqjh lqirupdwlrq derxw wkh w|shv wr uhjxodwh h!flhqwo|
+orfdo vxshuylvlrq,1
Lq rughu wr suhvhqw wkh frppxqlfdwlrq ehwzhhq wkh vxshuylvruv dv fohduo| dv srvvleoh/
zh dvvxph wkdw wkh sulydwh edqnv dozd|v sursrvh qhw vhwwohphqw1 Wkh vxshuylvruv
wkhq ghflgh krz sd|phqwv vkrxog eh vhwwohg/ dv wkhuh lv qhw vhwwohphqw li wkh| dffhsw
wkh sursrvdo dqg jurvv vhwwohphqw li wkh| uhmhfw lw1 Lq vhfwlrq 8/ zh dqdo|}h wkh
vwudwhjlf lqwhudfwlrq ehwzhhq wkh sulydwh sursrvdo dqg wkh sxeolf uhjxodwlrq1
7141 Ehqfkpdun= V|pphwulf Lqirupdwlrq
Zh dqdo|}h wkh rxwfrph li wkh vxshuylvruv uhfhlyh d shuihfw vljqdo derxw wkh ulvn ri
wkh orfdo dqg ri wkh iruhljq edqn1 Zh dvvxph wkdw wkh vxshuylvruv duh lqwhuhvwhg lq
pd{lpl}lqj wkhlu rzq frxqwu|*v zhoiduh zkhq ghflglqj ehwzhhq qhw dqg jurvv vhwwoh0
phqw1
Ghqh Z￿+t￿>t ￿, dv wkh zhoiduh jdlq ri Frxqwu| l li wkhuh lv qhw vhwwohphqw lqvwhdg
ri jurvv vhwwohphqw=
Z￿+t￿>t ￿,  Z￿
￿+t￿>t ￿,  Z￿
C+t￿, +714,
@ w+U 4,+4  t￿,  t￿w





Z￿+t￿>t 2,@3dqg Z2+t2>t ￿,@3duh glvsod|hg lq Iljxuh 714+d,1 Z￿+t￿>t ￿,@3
glylghv wkh +t￿>t ￿,0vsdfh lqwr wzr uhjlrqv1 Ehorz wkh fxuyh/ qhw vhwwohphqw pd{lpl}hv
wkh zhoiduh ri Frxqwu| l/ zkloh jurvv vhwwohphqw pd{lpl}hv zhoiduh deryh wkh fxuyh1
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(b) Asym. Information: An Example
Iljxuh 714= Wkh Vxshuylvruv* Suhihuhqfhv ryhu wkh Prgh ri Vhwwohphqw
Wkh vxshuylvruv doorz qhw vhwwohphqw rqo| li wkh ulvn ri wkh iruhljq edqn lv qrw wrr
kljk1 Wklv lv gxh wr wkh edvlf wudgh0r ehwzhhq jurvv dqg qhw vhwwohphqw v|vwhpv= Li
wkh iruhljq edqn lv ulvn|/ jurvv vhwwohphqw lv wkh suhihudeoh prgh ri vhwwohphqw/ vlqfh
lw holplqdwhv wkh ulvn ri frqwdjlrq1 Rq wkh rwkhu kdqg/ li wkh iruhljq edqn lv uhodwlyho|
vdih/ qhw vhwwohphqw lv rswlpdo ehfdxvh uhvhuyh uhtxluhphqwv duh orzhu1
Z￿ @3lv grzqzdug vorslqj ehfdxvh wkh lqyhvwphqw lq wkh ulvn| whfkqrorj| lv
odujhu xqghu qhw wkdq xqghu jurvv vhwwohphqw1 Wkhuhiruh/ dv wkh suredelolw| ri idloxuh
ri wklv whfkqrorj| lqfuhdvhv/ zhoiduh lq wkh qhw v|vwhp ghfuhdvhv pruh wkdq lq wkh
jurvv v|vwhp1 Lq rughu wr nhhs lqglhuhqfh ehwzhhq qhw dqg jurvv vhwwohphqw/ wkh
iruhljq edqn pxvw eh ri d orzhu ulvn w|sh1
Iljxuh 714+d, looxvwudwhv krz wkh lqwhuhvwv ri wkh wzr frxqwulhv gr qrw frpsohwho|
frlqflgh1 Lq wkh uhjlrqv D dqg G/ erwk frxqwulhv suhihu d qhw dqg d jurvv vhwwohphqw
v|vwhp/ uhvshfwlyho|1 Lq uhjlrq E +F,/ krzhyhu/ wkh vxshuylvru ri frxqwu| 4 +5,/ lq
zklfk wkh edqn zlwk wkh orzhu ulvn lv orfdwhg/ suhihuv jurvv vhwwohphqw/ zkloh wkh rqh
lq frxqwu| 5 +4, suhihuv wkh qhw v|vwhp1 Wkh vxshuylvru ri wkh frxqwu| zlwk wkh orzhu
ulvn lv pruh uhoxfwdqw wr xvh qhw vhwwohphqw/ dv lw lv uhodwlyho| pruh olnho| wr sd| DVR
wkdqwruhfhlyhlw1
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Iurp qrz rq zh dvvxph wkdw wkhuh lv orfdo vxshuylvlrq dqg wkh vxshuylvruv revhuyh
rqo| wkh orfdo edqn*v w|sh1 Dv dq lqwurgxfwru| h{dpsoh/ frqvlghu Iljxuh 714+e,1 Wkh
sulydwh edqn lq frxqwu| 4 lv ri w|sh tW
￿1 Zh orrn dw wkh lqfhqwlyhv ri wkh vxshuylvru lq
Frxqwu| 4 +OV￿, wr uhyhdo wklv lqirupdwlrq wuxwkixoo| wr wkh iruhljq vxshuylvru +OV2,1
OV￿ pd{lpl}hv orfdo zhoiduh/ vr kh zrxog suhihu qhw vhwwohphqw zkhqhyhu wkh iruhljq
edqn lv ri d w|sh orzhu ru htxdo wr tW
21 Krzhyhu/ li OV￿ uhyhdohg wkh w|sh tW
￿ wuxwkixoo|/
OV2 zrxog qhyhu doorz qhw vhwwohphqw1 Wkhuhiruh/ OV￿ zrxog kdyh lqfhqwlyhv wr wu|
wr lqgxfh wkh eholhi wkdw wkh edqn zdv ri w|sh tWW
￿ 1 +Wkh orfdo edqn zrxog wkhq eh
doorzhg wr xvh wkh qhw v|vwhp iru doo w|shv orzhu wkdq tW
21, Vxssrvh lqvwhdg wkdw
OV￿ frxog rqo| fkrrvh ehwzhhq uhyhdolqj wkh wuxh w|sh/ tW
￿/ ru lqgxflqj wkh eholhi
tWWW
￿ 1 Khuh/ OV￿ zrxog uhyhdo wkh w|sh wuxwkixoo|/ dv OV2 rwkhuzlvh zrxog doorz qhw
vhwwohphqw wrr riwhq144
Wkh h{dpsoh vkrzv wkdw vlqfh wkh lqwhuhvwv ri wkh vxshuylvruv duh qrw wrwdoo| doljqhg/
wkh vxshuylvruv kdyh lqfhqwlyhv wr lqgxfh d eholhi wkdw lv glhuhqw iurp wkh edqn*v
wuxh w|sh1 Vwloo/ dv wkh lqfhqwlyhv ri wkh vxshuylvruv duh vrphzkdw doljqhg/ wkh| gr
qrw zdqw wr lqgxfh eholhiv wkdw duh wrr glhuhqw iurp wkh wuxh w|sh1 Zh zloo vkrz
qh{w wkdw wklv idflolwdwhv wkh lqirupdwlrq h{fkdqjh ehwzhhq wkh vxshuylvruv1
715141 Wkh Lqirupdwlrq H{fkdqjh
Erwk wkh orfdo dqg wkh iruhljq edqn*v w|sh pdwwhu zkhq wkh vxshuylvruv kdyh wr ghflgh
ehwzhhq d jurvv dqg d qhw vhwwohphqw v|vwhp1 Wr uhjxodwh wkh lqwhuqdwlrqdo sd|phqw
v|vwhp h!flhqwo|/ wkh vxshuylvruv kdyh lqfhqwlyhv wr h{fkdqjh lqirupdwlrq derxw wkh
sulydwh edqnv* ulvnv1 Zh kdyh lq plqg d vlwxdwlrq zkhuh wkh qdwlrqdo vxshuylvruv
duh vryhuhljq dqg duh qrw gluhfwo| vxemhfw wr dq| lqwhuqdwlrqdo dxwkrulw|1 Wkhuhiruh/
zh zloo dvvxph lw lv qrw srvvleoh wr vhw xs d phfkdqlvp ru dq lqvwlwxwlrq wkdw fdq
xvh wudqvihuv wr h{wudfw wkh lqirupdwlrq derxw wkh sulydwh edqnv* w|shv1 Lqvwhdg/ zh
44Li wkh OV2 eholhyhg wkdw wkh edqn lq frxqwu|  zdv ri w|sh ^
WWW
￿ / kh zrxog doorz qhw vhwwohphqw
iru doo w|shv orzhu wkdq ^
WW










2/O V ￿ zrxog suhihu wr uhyhdo wkh w|sh wuxwkixoo|1 D vlplodu h{dpsoh/ h{sodlqhg
lq pruh ghwdlo/ lv jlyhq lq vhfwlrq 7161
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frvwohvvo| vljqdo wkh ulvn ri wkh sulydwh edqnv wkurxjk zulwwhq ru rudo frppxqlfdwlrq/
exw wkh| rqo| yroxqwhhu wklv lqirupdwlrq wuxwkixoo| +ru/ sduwv ri lw, li lw vhuyhv wkhlu
rzq lqwhuhvwv1 Wkh h{lvwlqj olwhudwxuh dqdo|}lqj vljqdoolqj jdphv zlwk frvwohvv vljqdov
orrn dw vlwxdwlrqv zlwk rqh vhqghu dqg rqh uhfhlyhu +vhh/ h1j1/ Fudzirug dqg Vreho
+4<;5,/ Phoxpdg dqg Vkledqr +4<<4,/ dqg Vwhlq +4<;<,,1 Zh h{whqg wkh dqdo|vlv
wr wkh fdvh ri wzr0vlghg frppxqlfdwlrq zkhuh erwk sduwlhv vhqg dqg uhfhlyh vljqdov1
Wkh uhvxowv rewdlqhg lq wklv vhfwlrq duh wkxv ri vrph lqghshqghqw lqwhuhvw1
Wkh lqirupdwlrq h{fkdqjh lv prghoohg wkh iroorzlqj zd|= Dw W @ 4/e h i r u hw k h
edqnv* w|shv duh uhdol}hg/ wkh vxshuylvruv djuhh xsrq d elqglqj vfkhph wkdw pdsv
wkh vljqdov vhqw e| wkh vxshuylvruv lqwr dffhswdqfh ru uhmhfwlrq ri wkh sursrvdo ri qhw
vhwwohphqw1 Wklv vfkhph pd{lpl}hv h{shfwhg zhoiduh145 Dw W @3 / diwhu wkh ulvnv
kdyh ehhq uhdol}hg/ wkh vxshuylvruv vhqg d vljqdo derxw wkh orfdo edqn*v ulvn1 Rqfh
wkh vljqdov kdyh ehhq vhqw/ wkh vhwwohphqw v|vwhp lv jlyhq e| wkh vfkhph146 Wkh
lqirupdwlrq uhfhlyhg iurp wkh iruhljq vxshuylvru lv frqghqwldo/ dqg vxshuylvruv gr
qrw sdvv wklv lqirupdwlrq rq wr wkh sulydwh edqnv147
Wkhuh h{lvwv/ ri frxuvh/ dq lqfhqwlyh frpsdwleoh vfkhph zkhuh wkh vxshuylvruv djuhh
dozd|v wr lpsohphqw hlwkhu d jurvv ru d qhw vhwwohphqw v|vwhp1 Sursrvlwlrq 4 fkdudf0
whul}hv wkh vfkhph zkhq wkh lqirupdwlrq h{fkdqjh pdwwhuv iru wkh fkrlfh ri vhwwohphqw
v|vwhp1 Lqyrnlqj wkh uhyhodwlrq sulqflsoh/ zh uhvwulfw dwwhqwlrq wr lqfhqwlyh frpsdw0
leoh vfkhphv1 Zh frqvlghu rqo| vfkhphv wkdw duh slhfhzlvh frqwlqxrxv/ v|pphwulf/
dqg vshfli| +dv d ixqfwlrq ri t￿, wkh pd{lpdo w|sh ri wkh iruhljq edqn iru zklfk qhw
vhwwohphqw lv doorzhg1
45Dowhuqdwlyho| zh frxog dvvxph wkdw d zhoiduh0pd{lpl}lqj vxsudqdwlrqdo uhjxodwru ghflghg xsrq
dffhvv wr wkh qhw v|vwhp1 Dv orqj dv kh frxog qrw xvh wudqvihuv wr h{wudfw wkh lqirupdwlrq ri wkh orfdo
vxshuylvruv/ kh zrxog fkrrvh wkh vdph vfkhph dv wkh rqh lpsohphqwhg e| wkh orfdo vxshuylvruv1
46Vlqfh wkh vljqdov duh elqglqj/ lw lv qrw irupdoo| d *fkhds0wdon* jdph1 Zh vkrz lq Fruroodu| 4 wkdw
wkh vfkhphv ghulyhg duh dovr lqfhqwlyh frpsdwleoh zlwk qrq0elqglqj vljqdov1
47Zh qhhg wklv dvvxpswlrq wr hqvxuh wkdw wkh sulydwh edqnv dozd|v lqyhvw dv pxfk dv srvvleoh lq
wkh ulvn| whfkqrorj|1 Krzhyhu/ wklv dvvxpswlrq lv qrw fuxfldo iru rxu uhvxowv1 Zh vkrz lq Dsshqgl{
F wkdw li vljqdov zhuh qrq0elqglqj/ wkh dvvxpswlrq zrxog qrw eh qhfhvvdu| dv wkh vxshuylvruv zrxog
h{fkdqjh ohvv lqirupdwlrq derxw wkh sulydwh edqnv* w|shv1
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3 dqg t1 Dq lqfhqwlyh frpsdwleoh vfkhph/ ?+,/ ghqhv iru hdfk orfdo ulvn t￿ wkh
pd{lpdo iruhljq ulvn t￿ iru zklfk wudqvihuv duh vhwwohg lq d qhw v|vwhp1 ?+, lv
fkdudfwhul}hg dv iroorzv=






? @ t1 Lqwhuydo 4 lv ghqhg dv L￿  ^3>t?
￿`1
51 ?+,@t?








































Wkh vfkhphv zlwk wzr dqg zlwk wkuhh lqwhuydov duh vkrzq lq Iljxuh 7151 Xqghu wkhvh
vfkhphv/ wkh vxshuylvruv uhyhdo wkh edqnv* w|shv wuxwkixoo|/ dqg wkh edqnv vhwwoh lq
wkh qhw v|vwhp zkhqhyhu t￿  &+t￿,/ n 5i 5>6j1
Wkhuh duh vhyhudo wklqjv wr qrwlfh derxw wkh vfkhphv1 Iluvw/ vlqfh wkh wzr vxshuylvruv
idfh wkh vdph vfkhph/ lw pxvw eh v|pphwulf durxqg wkh 780ghjuhh olqh148 Vhfrqg/ d
vfkhph frqvlvwv ri frqvwdqwv vhjphqwv zlwk mxpsv1 Wkh h{dpsoh lq wkh suhylrxv
vhfwlrq looxvwudwhg krz wkh vxshuylvruv zrxog kdyh lqfhqwlyhv wr uhsruw d w|sh wkdw
lv qrw wkh wuxh rqh/ exw forvh1 Dorqj wkh frqvwdqw sduwv ri wkh vfkhph/ lw pdnhv qr
glhuhqfh wr whoo vxfk d *vpdoo olh*1 Wkh frqvwdqw sduwv duh wkxv qhfhvvdu| iru wkh
vfkhph wr eh lqfhqwlyh frpsdwleoh1 Ilqdoo|/ qrwlfh wkdw wkh vfkhphv duh v|pphwulf
durxqg Z￿+t￿>t ￿,@3d ww k hm x p s v 1W k l vl p s o l h vw k d wl iw k ho r f d oe d q nl vo r f d w h gd w
wkh erughu wr wkh qh{w lqwhuydo +l1h1 dw d mxps,/ wkh vxshuylvru lv h{dfwo| lqglhuhqw
ehwzhhq ehlqj lq wkh orzhu ru lq wkh xsshu lqwhuydo1 Zh vkrz wkdw wklv hqvxuhv wkdw
li wkh orfdo edqn lv ri d w|sh orfdwhg forvh wr d mxps/ wkh vxshuylvru grhv qrw zdqw wr
whoo d vpdoo olh lq rughu wr suhwhqg wr eh lq wkh qhdue| lqwhuydo +dqg gr qhw vhwwohphqw
zlwk d glhuhqw srsxodwlrq ri wkh iruhljq edqn,1
48Rwkhuzlvh/ wkhuh zrxog h{lvw vrph E^￿c^ ￿ iru zklfk wkh vfkhph zrxog lqglfdwh qhw vhwwohphqw
iru rqh edqn exw qrw iru wkh rwkhu1



















(b) The 3-Interval Scheme
F 2 
F 3 
Iljxuh 715= Lqfhqwlyh Frpsdwleoh Vfkhphv
Wkh frqvwdqw sduwv dqg wkh mxpsv duh vx!flhqw wr uxoh rxw surwdeoh ghyldwlrqv
zkhuh wkh vxshuylvruv whoo d vpdoo olh1 Lq wkh surri ri Sursrvlwlrq 4/ zh vkrz wkdw
wkh vxshuylvruv qhlwkhu kdyh lqfhqwlyhv wr whoo d *elj olh* dqg uhsruw d w|sh wkdw lv idu
iurp wkh wuxh rqh1 Wkh vfkhph vdwlvhv wklv frqglwlrq ehfdxvh/ dv looxvwudwhg e| wkh
h{dpsoh/ wkh edqnv gr qrw zlvk wr lqgxfh eholhiv wrr glhuhqw iurp wkh wuxh w|sh1
Zh kdyh fkrvhq wr irfxv rq wkh fdvh ri elqglqj vljqdov/ dv lw doorzv iru d phfkdqlvp
zkhuh wkh vxshuylvruv uhsruw wkh edqnv* wuxh w|shv1 Wkh qh{w fruroodu| vkrzv wkdw
wkh uhvxowv rewdlqhg gr qrw ghshqg xsrq zkhwkhu vljqdov duh elqglqj ru qrw1 Li
vljqdov zhuh qrq0elqglqj/ wkh vxshuylvruv zrxog uvw vhqg wkh vljqdov1 Diwhu kdylqj
uhfhlyhg wkh vljqdo/ wkh vxshuylvruv zrxog xqlodwhudoo| ghflgh zkhwkhu wr dffhsw qhw
vhwwohphqw1 Fruroodu| 4 vkrzv wkdw dq| vfkhph fkdudfwhul}hg e| Sursrvlwlrq 4 zrxog
dovr eh lqfhqwlyh frpsdwleoh zlwk qrq0elqglqj vljqdov1 Wkh rqo| glhuhqfh zrxog eh
wkdw lqvwhdg ri uhsruwlqj wkh w|sh/ wkh vxshuylvruv zrxog uhsruw wkh lqwhuydo wr zklfk
wkh orfdo edqn ehorqjv1 Wkh jdph zlwk qrq0elqglqj vljqdov lv h{sodlqhg lq pruh ghwdlo
lq wkh surri ri wkh fruroodu|1
Fruroodu| 41 Wkh vfkhphv fkdudfwhul}hg e| Sursrvlwlrq 4 duh dovr lqfhqwlyh frp0
sdwleoh zlwk qrq0elqglqj vljqdov1
Ilqdoo|/ zh pdnh rqh dgglwlrqdo dvvxpswlrq=
20                                                                                                         ECB Working Paper No 22 l  June 2000Dvvxpswlrq 6= Li d vxshuylvru uhfhlyhg qr lqirupdwlrq derxw wkh iruhljq edqn*v w|sh/
kh zrxog qhyhu doorz qhw vhwwohphqw1
Rxu uhvxowv gr qrw klqjh rq wklv dvvxpswlrq/ exw lw doorzv xv wr uhvwulfw dwwhqwlrq wr
wkh vlpsohvw ri wkh srvvleoh fdvhv1 Zh uhod{ Dvvxpswlrq 6 lq vhfwlrq 9151
Sursrvlwlrq 51 Frqvlghu wkh vfkhphv ghqhg e| Sursrvlwlrq 41 Xqghu Dvvxpswlrq
6 wkhuh h{lvw dq xqltxh lqfhqwlyh frpsdwleoh vfkhph zlwk wzr lqwhuydov dqg qrqh zlwk
pruh wkdq wzr lqwhuydov1
Iurp Sursrvlwlrq 5 wkhq iroorzv wkdw zh rqo| qhhg wr frqvlghu vfkhphv zlwk hlwkhu
rqh lqwhuydo +l1h1 dozd|v dffhsw ru uhmhfw wkh sursrvdo ri qhw vhwwohphqw, ru zlwk wzr
lqwhuydov1
7161 Wkh +Lq,H!flhqf| ri Sxeolf Uhjxodwlrq
Wkh suhylrxv vhfwlrq kdv vkrzq krz wkh vxshuylvruv idfh lqfhqwlyh sureohpv zkhq
h{fkdqjlqj lqirupdwlrq derxw wkh sulydwh edqnv* ulvn1 Lq wklv vhfwlrq zh dqdo|}h wkh
lpsolfdwlrqv wklv kdv iru sxeolf uhjxodwlrq1
Dv d uvw uhvxow/ zh vkrz wkdw wkh lqirupdwlrq h{fkdqjh grhv pdnh d glhuhqfh1
Lq vslwh ri wkh lqfhqwlyh sureohpv/ wkh vxshuylvruv uhjxodwh pruh h!flhqwo| li wkh|
frppxqlfdwh1 Irupdoo|/ wkh surri frqvlvwv ri vkrzlqj wkdw wkh h{shfwhg zhoiduh
xqghu wkh wzr lqwhuydo vfkhph lv kljkhu wkdq li wkh edqnv zrxog gr hlwkhu qhw ru jurvv
vhwwohphqw iru doo w|shv1
Ohppd 41 Wkh vfkhph zlwk wzr lqwhuydov jlyhv kljkhu h{shfwhg zhoiduh wkdq wkh
vfkhphv zlwk rqh lqwhuydo1
Lq rughu wr ghwhuplqh wkh h!flhqf| ri wkh sxeolf uhjxodwlrq/ zh frpsduh wkh vfkhph
zlwk wkh wzr0lqwhuydo vfkhph wkdw zrxog eh lpsohphqwhg li wkhuh zhuh qr lqfhqwlyh
sureohpv1 Wklv lv wkh wzr lqwhuydo vfkhph wkdw pd{lpl}hv h{shfwhg zhoiduh h{ dqwh>
l1h1 ehiruh wkh edqnv* w|shv duh uhdol}hg149 D wzr lqwhuydo vfkhph zrxog/ ri frxuvh/ qrw
eh rswlpdo li wkhuh zhuh qr lqfhqwlyh sureohpv/ exw wkh frpsdulvrq whoov xv zkhwkhu
wkh dffhvv uhjxodwlrq wr wkh qhw vhwwohphqw v|vwhp lv wrr vwulfw ru wrr od{1
49Vlqfh erwk frxqwulhv duh h{0dqwh lghqwlfdo lw grhv qrw pdwwhu zkhwkhu zh uhihu wr orfdo ru joredo
zhoiduh1
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rqo| lpsohphqw vfkhphv zlwk wzr lqwhuydov1 Wkh pd{lpdo w|sh iru zklfk wkh vxshu0
ylvru zrxog doorz qhw vhwwohphqw zrxog eh vwulfwo| vpdoohu wkdq t2
￿1
Sursrvlwlrq 6/ zklfk lv wkh pdlq uhvxow ri wklv sdshu/ vkrzv wkdw wkh lqfhqwlyh sure0
ohpv lq wkh lqirupdwlrq h{fkdqjh lqgxfh wkh vxshuylvruv wr eh wrr od{ lq wkhlu dffhvv
fulwhuld wr wkh qhw vhwwohphqw v|vwhp1 Dv d uhvxow/ wkh v|vwhplf ulvn xqghu sxeolf
uhjxodwlrq lv kljkhu wkdq rswlpdo1
Wkh lqwxlwlrq ehklqg wklv uhvxow lv jlyhq e| Iljxuh 715+d,1 Lq htxloleulxp/ qhw vhw0
wohphqw lv doorzhg li erwk edqnv duh ri d w|sh orzhu ru htxdo wr t2
￿1 Frqvlghu wkh
sureohp idfhg e| d vxshuylvru zkhq vljqdoolqj wkh orfdo edqn*v w|sh1 Li kh vljqdov d
w|sh orzhu wkdq t2
￿/ wkhuh zloo eh qhw vhwwohphqw zkhqhyhu wkh iruhljq edqn lv ri d
w|sh orzhu wkdq t2
￿1 Li/ lqvwhdg/ wkh vxshuylvru vljqdov d w|sh kljkhu wkdq t2
￿/w k h u h
zloo eh jurvv vhwwohphqw1 Wkhuhiruh/ wkh vljqdo vhqw e| wkh vxshuylvru pdnhv rqo| d
glhuhqfh li wkh iruhljq edqn lv ri d w|sh orzhu ru htxdo wr t2
￿1 Khqfh/ wkh vxshuyl0
vru frpsduhv wkh h{shfwhg zhoiduh xqghu jurvv dqg qhw vhwwohphqw frqglwlrqdo rq wkh
iruhljq edqn ehlqj ri d w|sh orzhu ru htxdo wr t2
￿1 W k l vl vh t x l y d o h q ww rf r p s d u l q j
wkh zhoiduh xqghu qhw dqg jurvv vhwwohphqw dvvxplqj wkdw wkh iruhljq edqn lv ri wkh
dyhudjh w|sh/ ￿
2t2
￿14: Vlqfh wkh vxshuylvruv edvh wkhlu ghflvlrq rq wkh dyhudjh w|sh/
wkh| doorz qhw vhwwohphqw iru uhdol}dwlrqv zkhuh wkh| zrxog kdyh suhihuuhg jurvv vhw0
wohphqw1 Iru h{dpsoh/ li wkh edqn lq Frxqwu| 4 lv ri w|sh t2
￿/ wkhuh lv qhw vhwwohphqw
dovr li t2 5 +￿
2t2
￿>t2
￿` 0 hyhq li erwk vxshuylvruv xqghu wkhvh flufxpvwdqfhv zrxog kdyh
suhihuuhg jurvv vhwwohphqw1
Lw lv lpsruwdqw wr qrwlfh wkdw wkh h{fhvvlyh v|vwhplf ulvn xqghu sxeolf uhjxodwlrq grhv
qrw uhgxfh wkh vxusoxv ri wkh fxvwrphuv1 Wkh fxvwrphuv iruhvhh wkh htxloleulxp rxw0
frph dqg dvn iru dq lqwhuhvw udwh zklfk frpshqvdwhv wkhp iru wkh ulvn wkh| lqfxu1
Li wkh vxshuylvruv kdyh wrr od{ dffhvv fulwhuld wr wkh qhw vhwwohphqw v|vwhp/ wkh fxv0
wrphuv dvn iru d kljkhu lqwhuhvw udwh dv ghsrvlwlqj lq wkh edqn lv ulvnlhu1 Wklv uhgxfhv
wkh surwv iru wkh edqnv ehfdxvh ihzhu uhvhuyhv fdq eh lqyhvwhg lq wkh surwdeoh orqj0
uxq whfkqrorj|1 Lq rxu prgho/ wkh frvw ri h{fhvvlyh v|vwhplf ulvn lv wkxv fduulhg e|
4:Wklv lv wuxh lq wklv prgho vlqfh wkh w|shv duh xqlirupo| glvwulexwhg dqg zhoiduh lv olqhdu lq wkh
i r u h l j qe d q n * vw | s hr q f hw k hr z qw | s hl vn q r z q 1
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81 Wkh Sulydwh Edqnv
Zh wxuq qrz wr wkh vhwwohphqw ghflvlrq ri wkh sulydwh edqnv1 Lq wkh suhylrxv vhfwlrq
lw zdv dvvxphg wkdw wkh sulydwh edqnv dozd|v sursrvh qhw vhwwohphqw1 Wkhuhiruh/ wkh
qdwlrqdo vxshuylvruv frxog ghflgh ehwzhhq jurvv dqg qhw vhwwohphqw1 Wkh vxshuylvruv/
krzhyhu/ fdqqrw lpsrvh qhw vhwwohphqw djdlqvw wkh zlvkhv ri wkh sulydwh edqnv1 Lw
lv wkxv ohiw wr eh vkrzq wkdw wkh sulydwh edqnv sursrvh qhw vhwwohphqw lq wkh uhjlrq
zkhuh wkh vxshuylvruv doorz lw1
Wkh sulydwh edqnv pryh uvw lq wkh uhjxodwru| jdph dqg sursrvh krz wr vhwwoh sd|0
phqwv1 Wkh sulydwh edqnv* sursrvdo ghshqgv erwk rq wkh uhjxodwlrq wkh| iruhvhh dqg
rq wkh lqirupdwlrq wkdw wkh| kdyh derxw hdfk rwkhu1 Wkh uhjxodwlrq e| wkh vxshuyl0
vruv zdv ghwhuplqhg lq vhfwlrq 7/ vr zh wxuq khuh wr wkh sursrvdo pdgh e| wkh sulydwh
edqnv xqghu glhuhqw lqirupdwlrqdo dvvxpswlrqv1
Wkh dqdo|vlv ri wkh sulydwh edqnv kdv wkuhh sduwv1 Iluvw/ zh ghwhuplqh wkh suhihuhqfhv
ri wkh sulydwh edqnv ryhu qhw dqg jurvv vhwwohphqw1 Diwhuzdugv/ zh vroyh wkh prgho
dvvxplqj wkdw wkh sulydwh edqnv kdyh qr pruh lqirupdwlrq wkdq wkh vxshuylvruv1 Zh
vkrz wkdw wkh uhvxowv ghulyhg xqghu sxeolf uhjxodwlrq duh wkh htxloleulxp rxwfrph1
Lw vhhpv sodxvleoh wkdw d edqn rshudwlqj lqwhuqdwlrqdoo| fdq kdyh ehwwhu lqirupdwlrq
derxw lwv iruhljq frxqwhusduwlhv wkdq wkh qdwlrqdo vxshuylvru1 Lghdoo| wkh uhjxodwlrq ri
wkh sd|phqw v|vwhp vkrxog eh ghvljqhg wr wdnh dgydqwdjh ri wkh sulydwh edqnv* lqiru0
pdwlrq +vhh dovr Urfkhw dqg Wluroh +4<<9,,1 Wklv zrxog eh dq dujxphqw iru ohdylqj
wkh dffhvv uhjxodwlrq lq wkh kdqgv ri wkh sulydwh vhfwru/ dv lw lv/ iru h{dpsoh/ fxu0
uhqwo| grqh lq Hxurshdq Prqhwdu| Xqlrq1 Lq wkh odvw sduw/ zh wkxv h{dplqh zkhwkhu
vxshulru lqirupdwlrq dorqh fdq mxvwli| d *kdqgv0r* dssurdfk wr dffhvv uhjxodwlrq1
8141 Jurvv dqg Qhw Vhwwohphqw
Ohw xv vwduw e| ghwhuplqlqj wkh edqnv* suhihuhqfhv ryhu wkh prgh ri vhwwohphqw1 Iurp
+615, dqg +618,/ zh ghulyh d wkuhvkrog/ t￿-/ iru wkh iruhljq edqn*v ulvn vxfk wkdw edqn
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Iljxuh 814= Wkh Sulydwh Edqnv* Suhihuhqfhv





D edqn suhihuv wr qhw rxw wudqvihuv rqo| li lwv frxqwhusduw*v ulvn ri idloxuh lv vpdoohu
wkdq t￿-> wkdw lv/ li wkh suredelolw| ri frqwdjlrq lv orz1 Wkh lpsruwdqw wklqj wr qrwlfh
lv wkdw d sulydwh edqn*v suhihuhqfhv gr qrw ghshqg rq lwv rzq w|sh1 Vlqfh wkh edqn
idfhv olplwhg oldelolw|/ lw hduqv }hur surwv li lw idlov lwvhoi1 Frqvhtxhqwo|/ wkh edqn*v
rzq ulvn grhv qrw lq xhqfh wkh fkrlfh ehwzhhq qhw dqg jurvv vhwwohphqw1
Dv orqj dv wkh orfdo edqn lv vxffhvvixo/ lw fduulhv wkh ixoo frvw ri qhw vhwwohphqw ehfdxvh
lw sd|v DVR li wkh iruhljq edqn idlov1 Wkh edqn grhv qrw/ krzhyhu/ wdnh lqwr dffrxqw
wkh orvv h{shulhqfhg e| fxvwrphuv li erwk edqnv idlo1 Iurp srlqw ri ylhz ri zhoiduh/
wkh edqn fkrrvhv qhw vhwwohphqw wrr riwhq xqohvv lw lv vxuh qrw wr idlo1 Iljxuh 814
looxvwudwhv wklv srlqw= t￿- lv deryh Z￿ @3h{fhsw iru t￿ @3zkhuh wkh| frlqflgh1
8151 Qr Lqirupdwlrqdo Dgydqwdjh
Khuh zh dvvxph wkdw qhlwkhu wkh sulydwh edqnv qru wkh vxshuylvruv revhuyh wkh ulvn ri
wkh iruhljq edqn1 Olnh wkh vxshuylvruv/ wkh sulydwh edqnv fdq h{fkdqjh lqirupdwlrq1
Wkh edqnv fdqqrw ghflgh zkhwkhu wr lpsohphqw d qhw vhwwohphqw v|vwhp ru qrw/ dv
wkh qhwwlqj pxvw eh dssuryhg ri e| wkh vxshuylvruv1 Lqvwhdg/ zh dvvxph wkdw wkh
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wkh vxshuylvruv +l1h1 qhw ru jurvv vhwwohphqw,1 Wkh dqdo|vlv lv vlplodu wr wkh rqh lq
vhfwlrq 7/ vr zh kdyh gluhfwhg lw wr wkh dsshqgl{1
Sursrvlwlrq 71 Li wkh sulydwh edqnv kdyh qr pruh lqirupdwlrq wkdq wkh qdwlrqdo
vxshuylvruv/ wkh sulydwh edqnv gr qhw vhwwohphqw li dqg rqo| li t￿>t 2  t2
￿1
Wkh uhvxowv ghulyhg lq vhfwlrq 7 gr krog dv orqj dv wkh sulydwh gr qrw kdyh ehwwhu
lqirupdwlrq wkdq wkh vxshuylvruv1 Zh vkrz wkdw sulydwh edqnv sursrvh qhw vhwwohphqw
lq d odujhu duhd wkdq wkh vxshuylvruv doorz1 Lq htxloleulxp/ wkh vxshuylvruv ryhuuxoh
wkh sulydwh edqnv* sursrvdo zkhqhyhu wkh| sursrvh qhw vhwwohphqw dqg dw ohdvw rqh ri
wkh edqnv lv ri w|sh kljkhu wkdq t2
￿1
Qrwlfh wkdw t￿- ?t 2
￿/ vr wkh sulydwh edqnv gr qhw vhwwohphqw pruh riwhq wkdq wkh|
zrxog suhihu +vhh Iljxuh 814,1 Krzhyhu/ wkh| fdqqrw djuhh rq d vfkhph wkdw sursrvhv
qhw vhwwohphqw lq d vpdoohu duhd1 Wkh uhdvrq lv wkdw wkh sulydwh edqnv idfh pruh
vhyhuh lqfhqwlyh sureohpv lq wkh lqirupdwlrq h{fkdqjh wkdq wkh qdwlrqdo vxshuylvruv
gr1 Iru wkh vxshuylvruv/ wkh ehqhwv ri qhw vhwwohphqw duh ghfuhdvlqj lq wkh ulvn ri
wkh orfdo edqn1 Wkh lqfhqwlyh wr suhwhqg wkdw wkh orfdo edqn lv ri d orz w|sh lv wkxv
ghfuhdvlqj zlwk wkh ulvn1 Lq wkh fdvh ri wkh sulydwh edqnv/ doo w|shv kdyh wkh vdph
lqfhqwlyh wr suhwhqg wr eh ri d orz w|sh1 Wklv fdq dovr eh vhhq lq Iljxuh 814 zkhuh
Z￿ @3lv grzqzdugv vorslqj zkloh ￿ @3+l1h1 t￿-, lv frqvwdqw1 Dv d uhvxow ri
wklv/ wkh lqirupdwlrq h{fkdqjh dprqj wkh sulydwh edqnv lv ohvv h!flhqw wkdq wkh rqh
dprqj wkh vxshuylvruv/ dqg wkh edqnv gr qhw vhwwohphqw zkhqhyhu lw lv doorzhg1
8161 Vxshulru Lqirupdwlrq
Zh qrz frqvlghu wkh srodu dvvxpswlrq wkdw wkh edqnv uhfhlyh d shuihfw vljqdo derxw
hdfk rwkhuv* w|sh1 Wkh sulydwh edqnv wkhq sursrvh qhw vhwwohphqw li wkh| duh erwk ri
dw | s ho r z h uw k d qt￿-1 Wkh qh{w sursrvlwlrq vkrzv wkdw jlyhq wklv lqirupdwlrq/ wkh
vxshuylvruv fdqqrw h{fkdqjh dq| dgglwlrqdo lqirupdwlrq dqg wkh| dffhsw wkh sulydwh
sursrvdo1
Sursrvlwlrq 81 Xqghu v|pphwulf lqirupdwlrq ehwzhhq wkh sulydwh edqnv/ sxeolf uhj0
xodwlrq fdqqrw lpsuryh xsrq wkh sulydwh sursrvdo1
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ghflgh wkh vhwwohphqw phwkrg gh idfwr1 Wkh qdwlrqdo vxshuylvruv frxog ryhuuxoh wkh
sulydwh sursrvdo/ exw lq htxloleulxp wkh| qhyhu gr vr1 Xqghu flufxpvwdqfhv zkhuh wkh
edqnv duh olnho| wr kdyh jrrg lqirupdwlrq derxw wkhlu frxqwhusduwlhv/ iru h{dpsoh/
ehfdxvh wkh| rshudwh lqwhuqdwlrqdoo|/ wklv uhvxow jlyhv vrph mxvwlfdwlrq wr ohdylqj
wkh dffhvv uhjxodwlrq lq wkh kdqgv ri wkh sulydwh vhfwru1
91 H{whqvlrqv
Lq wklv vhfwlrq zh uhod{ Dvvxpswlrqv 4061 Zh gr qrw lqfoxgh wkh ixoo dqdo|vlv ri wkh
h{whqvlrqv/ dv prvw sduwv duh vlplodu wr wkh edvh prgho1 Lqvwhdg/ wkh iroorzlqj frqwdlqv
d glvfxvvlrq ri wkh uhvxowv rewdlqhg dqg srlqwv rxw wkh prvw lpsruwdqw glhuhqfhv
frpsduhg wr wkh pdlq wh{w1 Wkh ghwdlov ri wkh dqdo|vlv duh dydlodeoh xsrq uhtxhvw1
Lq doo wkuhh h{whqvlrq/ lw lv qrw srvvleoh wr vroyh wkh prgho hqwluho| lq forvhg irup/ vr
zh uho| sduwo| rq qxphulfdo vlpxodwlrqv1
9141 Ixoo Frqwdjlrq
Lq wkh suhfhglqj vhfwlrq/ zh irfxvhg rq wkh fdvh zkhuh wkh idloxuh ri rqh edqn glg qrw
ohdg wr edqnuxswf| ri wkh rwkhu edqn +Sduwldo Frqwdjlrq +SF,,1 Lq wklv vhfwlrq/ zh
wxuq wr wkh rwkhu fdvh ri Ixoo Frqwdjlrq +IF, zkhuh d edqn zlwk d vxffhvvixo surmhfw
lv irufhg lqwr edqnuxswf| li lwv frxqwhusduw| lq wkh qhwwlqj v|vwhp idlov1 Xqghu Ixoo
Frqwdjlrq/ lw lv qrw srvvleoh wr vroyh wkh prgho lq forvhg irup/ vlqfh wkh vfkhph djuhhg
xsrq e| wkh vxshuylvruv dqg wkh lqwhuhvw udwh duh lqwhughshqghqw1
Wkh idloxuh ri rqh edqn lq wkh qhwwlqj v|vwhp reoljhv wkh vxuylylqj edqn wr sd| DVR
wr wkh idlolqj edqn1 Ixoo frqwdjlrq rffxuv li wkh dprxqw ri dvvhwv wkdw qhhgv wr eh
oltxlgdwhg iru wklv sxusrvh lv vr odujh wkdw fxvwrphuv E fdqqrw jhw wkh surplvhg
sd|phqw ri 4 dw wlph 514; Dv d frqvhtxhqfh/ fxvwrphuv E gr qrw ghsrvlw/ dqg wkh
edqn pxvw oltxlgdwh lwv hqwluh whfkqrorj| lq rughu wr sd| wkh surfhhgv wr fxvwrphuv
D1 Wkxv/ wkh edqn idlov dw wlph 41 Vlqfh wkh fodlpv ri fxvwrphuv D duh vhqlru wr wkrvh
ri wkh rwkhu edqn/ wkh ydoxh ri wkh oltxlgdwlrq jrhv wr wkh fxvwrphuv rqo|/ dqg wkh
4;Zh duh wkxv lq wkh fdvh ri Ixoo Frqwdjlrq iru orz u +pdq| dvvhwv qhhg wr eh oltxlgdwhg,/ orz -
+wlph 5 uhwxuq jhwv vpdoo,/ dqg kljk | +kljk DVR,1
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Iljxuh 914= Iurp Sduwldo wr Ixoo Frqwdjlrq
dgglwlrqdo vhwwohphqw wr wkh rwkhu edqn lv qrw sdlg1
Wklv lpsolhv wkdw lq wkh qhw v|vwhp/ wkh edqnv hduq srvlwlyh surwv rqo| li wkh| erwk
duh vxffhvvixo1 Surwv dqg zhoiduh duh jlyhq dv=
￿
￿+t￿>t ￿,@+ 4 t￿,+4  t￿,^+4  u,U  4`= +914,
Z￿
￿+t￿>t ￿,@+ 4 u,^+4 t￿,+4  t￿,U .+4 t￿,t￿O  4`1 +915,
Qrwlfh wkdw xqghu IF/ wkh vl}h ri wkh dgglwlrqdo vhwwohphqw reoljdwlrq/ w/ dhfwv
qhlwkhu surwv qru zhoiduh gluhfwo| vlqfh lw lv qhyhu sdlg14< Khqfh/ erwk frxqwulhv duh
zruvh r xqghu IF frpsduhg wr SF= wkh frxqwu| ri wkh idloxuh*v ruljlq ehfdxvh lw
grhv qrw uhfhlyh DVR/ dqg wkh rwkhu frxqwu| ehfdxvh wkh edqn jrhv edqnuxsw1 Qhw
vhwwohphqw lv wkhuhiruh ohvv dwwudfwlyh xqghu IF1 Lq d jurvv v|vwhp/ h{shfwhg surwv
dqg h{shfwhg zhoiduh duh dv xqghu Sduwldo Frqwdjlrq1Z h g h  q h Z￿
8￿+t￿>t ￿, 
Z￿
￿c8￿+t￿>t ￿,  Z￿
C+t￿>t ￿,1
Iljxuh 914 looxvwudwhv krz wkh suhihuhqfhv ri wkh vxshuylvruv fkdqjh dv zh vzlwfk iurp
Sduwldo wr Ixoo Frqwdjlrq1 Wkh zhoiduh xqghu qhw vhwwohphqw lv uhgxfhg glvfuhwho|
dv zh hqwhu wkh uhjlrq ri IF1 Khqfh/ wkh uhjlrq lq zklfk qhw vhwwohphqw lv suhihuuhg
glplqlvkhv +wkh Z￿ @3fxuyhv mxps lqzdugv,1 Dv d uhvxow ri wklv/ sxeolf uhjxodwlrq
4<| kdv dq lqgluhfw hhfw yld wkh lqwhuhvw udwh1 Krzhyhu/ dw wkh wlph wkh ghflvlrq derxw vhwwohphqw
lv pdgh/ wkh lqwhuhvw udwh lv {hg1
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wkh qhw vhwwohphqw v|vwhp lv uhgxfhg iurp t2
￿c￿￿ wr t2
￿c8￿1
Ohw xv qrz wxuq wr wkh sulydwh edqnv1 Frpsdulqj htxdwlrqv +615, dqg +914,/ zh qg





+4  u,U  4
= +916,
Frqvlghu djdlq d vhw ri sdudphwhuv pdunlqj wkh erughu ehwzhhq Ixoo dqg Sduwldo
Frqwdjlrq1 Zkloh wkh h{shfwhg orfdo zhoiduh lv uhgxfhg glvfuhwho|/ wkh fkdqjh lq wkh
edqnv* h{shfwhg surwv lv judgxdo1 Vwduwlqj lq wkh uhjlrq ri SF dqg dssurdfklqj wkh
erughu wr IF/ wkh surwv ri wkh orfdo edqn jr wr }hur lq wkh vwdwh ri wkh zruog zkhuh
wkh edqn kdv wr sd| DVR1 Rq wkh erughu/ dqg lq wkh uhjlrq IF/ wkh surwv duh }hur
lq wklv vwdwh ri wkh zruog1 Dv wkhuh lv qr glvfrqwlqxlw| lq wkh surwv iurp SF wr IF/
wkhuh lv qr glvfrqwlqxlw| lq t￿-1
Xqghu Ixoo Frqwdjlrq wkh sureohp ri edqnv* olplwhg oldelolw| lv pruh vhulrxv wkdq lw
zdv xqghu Sduwldo Frqwdjlrq= Hyhq li rqo| rqh ri wkh edqnv idlov/ fxvwrphuv D uhfhlyh
ohvv wkdq wkh surplvhg dprxqw ri 4.u +xqghu SF wklv zdv wkh fdvh rqo| li erwk edqnv
idlohg,1 Wkh edqnv glvuhjdug wkh zhoiduh ri wkh fxvwrphuv dqg sursrvh qhw vhwwohphqw
iru wrr kljk ulvnv1 Ehfdxvh wkh zhoiduh frvw ri qhw vhwwohphqw lv kljkhu xqghu Ixoo
Frqwdjlrq/ wkh zhgjh ehwzhhq sulydwh dqg sxeolf lqwhuhvwv lv zlghu1 Wkhuhiruh/ wkh
vxshuylvruv pljkw ryhuuxoh wkh sulydwh sursrvdo dovr li wkh sulydwh edqnv kdyh shuihfw
lqirupdwlrq derxw hdfk rwkhuv* w|shv> xqolnh xqghu Sduwldo Frqwdjlrq1 Wkh fdvh iru
dfwlyh sxeolf lqyroyhphqw lq dffhvv uhjxodwlrq lv wkxv vwurqjhu li wkh v|vwhplf lpsdfw
ri d iruhljq idloxuh lv kljk1
9151 Vfkhphv Zlwk Pruh Wkdq Wzr Lqwhuydov
D v v x p s w l r q6z d vdy h u |f r q y h q l h q wd v v x p s w l r q /d vl wd o o r z h gx vw ri r f x vr qw k h
vlpsohvw fdvh zkhuh qr lqfhqwlyh frpsdwleoh vfkhphv zlwk pruh wkdq wzr lqwhuydov
h{lvwhg1 Li wkh sulydwh edqnv revhuyh hdfk rwkhuv* w|sh +Vxshulru Lqirupdwlrq,/ d
uhod{dwlrq ri Dvvxpswlrq 6 grhv qrw fkdqjh wkh uhvxowv1 Wkh sulydwh edqnv zloo dv
ehiruh ghflgh wkh prgh ri vhwwohphqw153 Exw/ li wkh sulydwh kdyh qr pruh lqirupdwlrq
53Wkh uhdghu fdq yhuli| wkdw wkh surri ri Sursrvlwlrq 8 grhv qrw pdnh xvh ri Dvvxpswlrq 61
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wkh dqdo|vlv ri wkh jdph/ exw qrw qhfhvvdulo| wkh htxloleulxp rxwfrph1
Vxssrvh iurp qrz rq wkdw qhlwkhu wkh sulydwh edqnv qru wkh vxshuylvruv revhuyh
wkh iruhljq edqn*v w|sh1 Zh uvw frqvlghu wkh fdvh zkhuh wkh sulydwh edqnv dozd|v
sursrvh qhw vhwwohphqw154 Khuh/ wkh vxshuylvruv ghflgh zkhwkhu wkh edqnv vkrxog qhw
rxw wudqvihuv ru vhwwoh wkhp lq wkh jurvv v|vwhp1 Zh rewdlq wkh iroorzlqj uhvxow derxw
wkh sxeolf lqirupdwlrq h{fkdqjh=
Ohppd 51 Li Dvvxpswlrq 6 grhv qrw krog/ wkhuh h{lvw xqltxh lqfhqwlyh frpsdwleoh
vfkhphv zlwk wzr dqg zlwk wkuhh lqwhuydov1
Qxphulfdo vlpxodwlrqv vkrz wkdw wkhuh fdqqrw h{lvw dq lqfhqwlyh frpsdwleoh vfkhph
zlwk 7 lqwhuydov1 Lw lv srvvleoh wr vkrz wkdw wklv lpsolhv wkdw wkhuh fdqqrw h{lvw
vfkhphv zlwk pruh wkdq irxu lqwhuydov hlwkhu1 Wkhuhiruh/ wkh vxshuylvruv fdq h{fkdqjh
lqirupdwlrq xvlqj hlwkhu d wzr ru d wkuhh lqwhuydo vfkhph +2 dqg ￿/ uhvshfwlyho|,1
Iljxuh 715 looxvwudwhg wkhvh vfkhphv1 Wkh vxshuylvruv fkrrvh 2 iru prvw ydoxhv/ dv lw
jlyhv wkh kljkhvw h{shfwhg zhoiduh1 Krzhyhu/ iru kljk U/l wl v￿ wkdw dssur{lpdwhv
wkh suhihuhqfhv ri wkh vxshuylvruv ehvw dqg lv wkh rswlpdo fkrlfh1
Vxssrvh qrz wkdw wkh sulydwh edqnv h{fkdqjh lqirupdwlrq1 Wkh vfkhph wkdw wkh
sulydwh edqnv djuhh xsrq kdv wkh iroorzlqj jhqhudo irup= Wkh sulydwh edqnv sursrvh
qhw vhwwohphqw li dqg rqo| li dw ohdvw rqh ri wkh edqnv lv ri d w|sh orzhu ru htxdo wr
h t￿-1 Ohw xv uvw frqvlghu wkh fdqglgdwh htxloleulxp zkhuh wkh vxshuylvruv diwhuzdugv
djuhh xsrq ￿1 Lw fdq eh vkrzq wkdw iruhvhhlqj ￿/ wkh sulydwh edqnv sursrvh qhw
vhwwohphqwlqdvwulfwo|odujhuduhdwkdq￿1Wkhwkuhhlqwhuydovfkhphlvwkhuhiruhdv
ghqhg e| Sursrvlwlrq 4/ dqg wkh vxshuylvruv vrphwlphv ryhuuxoh wkh sulydwh sursrvdo1
Wklv fdqglgdwh htxloleulxp lv looxvwudwhg lq Iljxuh 915+d, zkhuh wkh sulydwh vfkhph lv
ghqrwhg ￿-
￿ 1
Dowhuqdwlyho|/ wkh vxshuylvruv fdq djuhh xsrq d wzr lqwhuydo vfkhph1 Khuh/ wkh sulydwh
dqg wkh sxeolf vfkhph ryhuods1 Dv d uhvxow/ wkh sxeolf wzr lqwhuydo vfkhph jlyhq e|
Sursrvlwlrq 4 lv qrw lqfhqwlyh frpsdwleoh1 Lqvwhdg/ wkh sulydwh dqg wkh sxeolf vfkhph
pxvw eh ghwhuplqhg vlpxowdqhrxvo|1 Ghqrwh wkh sxeolf vfkhph rewdlqhg e| h 21 h t2
￿
54Dv lq wkh edvh prgho/ lw lv qhyhu rswlpdo iru wkh sulydwh edqnv dozd|v wr sursrvh jurvv vhwwohphqw1

















(b) Central banks choose F 3  F 2  ~ 
~ 
Iljxuh 915= Wkh Htxloleulxp H{fkdqjh ri Sulydwh Edqnv dqg Vxshuylvruv
lv wkh erughu ehwzhhq wkh uvw dqg wkh vhfrqg lqwhuydo ri wkh sxeolf vfkhph1 Wklv
fdqglgdwh htxloleulxp/ zklfk lv looxvwudwhg lq Iljxuh 915+e,/ zrunv wkh iroorzlqj zd|=
Wkh sulydwh edqnv sursrvh qhw vhwwohphqw li rqh ri wkh edqnv +ru erwk, lv ri d w|sh
o r z h ur uh t x d ow rh t￿-
2 1 Wkh sulydwh sursrvdo lv dffhswhg rqo| li erwk edqnv duh ri d
w|sh orzhu ru htxdo wr h t2
￿1
Zh vhh wkdw wkh vxshuylvruv fdq dovr fkrrvh ehwzhhq d wzr dqg d wkuhh lqwhuydo vfkhph
li wkh sulydwh edqnv h{fkdqjh lqirupdwlrq +hyhq wkrxjk wkh wzr lqwhuydo vfkhph lv
glhuhqw,1 Lw wxuqv rxw wkdw wkh wzr lqwhuydo vfkhph lv rswlpdo iru wkh vxshuylvruv1 Li
wkh sulydwh edqnv h{fkdqjh lqirupdwlrq/ wkh vxshuylvruv uhvsrqg e| xvlqj wkh vfkhph
h 21
Ohw xv frqvlghu wkh htxloleulxp ri wkh ixoo jdph1 Wkh sulydwh edqnv pryh uvw dqg
ghflgh zkhwkhu wr h{fkdqjh lqirupdwlrq ru qrw1 Qxphulfdo vlpxodwlrqv vkrz wkdw
wkh sulydwh edqnv suhihu 2 wr h 21 Dv orqj dv wkh vxshuylvruv fkrrvh 2 udwkhu
wkdq ￿/ lw lv wkxv wkh vxejdph shuihfw htxloleulxp wkdw wkh sulydwh edqnv dozd|v
sursrvh qhw vhwwohphqw1 Wklv htxloleulxp lv wkh vdph dv lq wkh edvh prgho1 Krzhyhu/
wkh sulydwh edqnv suhihu h 2 wr ￿1 Iru kljk U/ zkhuh wkh vxshuylvruv zrxog fkrrvh
￿ li wkh sulydwh edqnv dozd|v sursrvhg qhw vhwwohphqw/ wkh sulydwh edqnv h{fkdqjh
lqirupdwlrq lq rughu wr lqgxfh wkh vxshuylvruv wr sod| wkh vfkhph h 2 lqvwhdg ri ￿1
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Zh kdyh dvvxphg wkurxjkrxw wkh sdshu wkdw fxvwrphuv revhuyh wkh w|sh ri vhwwohphqw
v|vwhp xvhg rqo| dw wlph 41 Lq wklv vhfwlrq zh uhod{ wklv dvvxpswlrq1 Fxvwrphuv
qrz ghpdqg dq lqwhuhvw udwh wkdw lv frqwlqjhqw rq wkh w|sh ri vhwwohphqw v|vwhp
lpsohphqwhg1 Zh duh lqwhuhvwhg lq zkhwkhu frqwlqjhqw lqwhuhvw udwh holplqdwhv wkh
zhgjh ehwzhhq surwv dqg zhoiduh1 Ehfdxvh ri frpsxwdwlrqdo frpsoh{lw|/ prvw uhvxowv
ghulyhg khuh duh qxphulfdo1
Lw lv qrw d sulrul fohdu zkhwkhu wkh lqwhuhvw udwh lv kljkhvw lq wkh jurvv ru lq wkh qhw
vhwwohphqw v|vwhp/ dv wkhuh duh wzr hhfwv dw sod|1 Iluvw/ wkh fxvwrphuv nqrz wkdw li
wkhlu edqn lv lq d jurvv vhwwohphqw v|vwhp/ wkh kljkhu uhvhuyh kroglqjv lpso| wkdw lw
uhwxuqv d odujhu vkduh ri wkh ghsrvlw li lw idlov1 Wklv hhfw jrhv lq wkh gluhfwlrq ri d
orzhu lqwhuhvw udwh lq wkh jurvv vhwwohphqw v|vwhp1 Vhfrqg/ wkh fxvwrphuv xsgdwh wkhlu
eholhiv derxw wkh edqnv* w|shv diwhu kdylqj revhuyhg wkh prgh ri vhwwohphqw1 Jurvv
vhwwohphqw lv d edg vljqdo derxw wkh edqn*v w|sh/ vlqfh dw ohdvw rqh ri wkh edqnv pxvw
eh ri d kljk ulvn w|sh1 Wklv hhfw lpsolhv d kljkhu lqwhuhvw udwh lq wkh jurvv v|vwhp
dv wr uh hfw wkh kljkhu suredelolw| ri idloxuh1 Wkh qxphulfdo dqdo|vlv vkrzv wkdw wkh
vhfrqg hhfw xvxdoo| grplqdwhv1 Iru prvw sdudphwhu ydoxhv/ wkh lqwhuhvw udwh lq wkh
jurvv v|vwhp lv kljkhu wkdq wkh rqh lq d qhw v|vwhp1
Ghqrwh wkh lqwhuhvw udwhv lq wkh jurvv dqg qhw v|vwhp e| uC dqg u￿/ uhvshfwlyho|1 Wkh
jdlq lq zhoiduh dqg surwv iurp qhwwlqj duh qrz







￿  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D vsuhdg lq wkh lqwhuhvw udwhv uC Au ￿ lqfuhdvhv wkh dprxqw ri uhvhuyhv wkdw pxvw eh
khog xqghu jurvv vhwwohphqw uhodwlyh wr qhw vhwwohphqw1 Khqfh/ li wkh lqwhuhvw udwhv duh
frqwlqjhqw rq wkh prgh ri vhwwohphqw/ qhw vhwwohphqw ehfrphv pruh dwwudfwlyh1 Wkh
uhjlrq zlwk qhw vhwwohphqw lv odujhu wkdq lq wkh edvh prgho1 Qrwlfh wkdw CZ￿@C+uC
u￿, ? ￿@C+uCu￿,1 Wkh vsuhdg lq lqwhuhvw udwhv kdv d odujhu hhfw rq wkh sulydwh
fkrlfh rq krz wr vhwwoh wkdq lw kdv rq wkh sxeolf rqh155 Wkhuhiruh/ wkh vxshuylvruv
55Wkh kljkhu lqwhuhvw udwh lq wkh jurvv v|vwhp lqfuhdvhv wkh zhoiduh ri wkh frqvxphuv lq wkh vwdwh
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Base Model  Contingent Interest Rates 
Iljxuh 916= Frqwlqjhqw yv1 Qrq0Frqwlqjhqw Lqwhuhvw Udwhv
pljkw ryhuuxoh wkh sulydwh sursrvdo ri qhw vhwwohphqw hyhq li wkh sulydwh edqnv revhuyh
hdfk rwkhuv* w|sh1
Dv dq h{dpsoh/ frqvlghu Iljxuh 916 zkhuh wkh sxeolf dqg sulydwh suhihuhqfhv duh
glvsod|hg iru wkh vdph vhw ri sdudphwhu ydoxhv1 Wkh uhjlrq ri qhwwlqj lv odujhu zlwk
frqwlqjhqw udwhv/ lqghshqghqwo| ri zkr ghflghv xsrq wkh prgh ri vhwwohphqw1 Wkh
glhuhqfh lv juhdwhvw iru wkh sulydwh suhihuhqfhv1
Wkh qxphulfdo dqdo|vlv yhulhv wkdw zlwk frqwlqjhqw lqwhuhvw udwhv/ edqnv* surwv vwloo
gr qrw frlqflgh zlwk zhoiduh1 Wkh lqwxlwlrq lv/ dv h{sodlqhg hduolhu/ wkdw wkh lqwhuhvw
udwh grhv qrw uh hfw wkh wuxh ulvn/ vlqfh wkh fxvwrphuv gr qrw revhuyh wkh edqnv*
w|shv1 Wkxv/ frqwlqjhqw lqwhuhvw udwhv duh qrw hqrxjk wr holplqdwh lqfhqwlyh sureohpv
lq dffhvv uhjxodwlrq1
:1 Frqfoxvlrq
Lq wklv sdshu/ zh kdyh dqdo|}hg wkh uhjxodwlrq ri dffhvv wr lqwhuqdwlrqdo odujh0ydoxh
sd|phqw v|vwhpv zkhq vxshuylvlrq ri wkh edqnlqj lqgxvwu| lv d qdwlrqdo wdvn1 Zh
prghohg wkh uhjxodwru*v ghflvlrq wr surylgh dffhvv wr jurvv dqg qhw vhwwohphqw v|vwhpv1
ri wkh zruog zkhuh wkh wzr edqnv idlo1 Wklv lv qrw wdnhq lqwr dffrxqw e| wkh sulydwh edqnv1 Iru wkh
sulydwh edqnv/ wkh uhodwlyh dwwudfwlyhqhvv ri qhw vhwwohphqw wkxv lqfuhdvhv pruh lq oC 3 o￿ wkdq lw
grhv iru wkh vxshuylvruv1
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sulydwh edqnv* ulvn zdv hqgrjhql}hg1 Ixuwkhupruh/ zh vwxglhg wkh rxwfrph wkdw
sulydwh edqnv zrxog fkrrvh li wkh| zhuh qrw vxemhfw wr uhjxodwlrq/ dqg frpsduhg wkh
h!flhqf| ri sxeolfo| dqg sulydwho| uhjxodwhg v|vwhpv1
Erwk wkh sxeolf dqg sulydwh vroxwlrqv duh vkrzq wr eh lqh!flhqw/ vlqfh wrr ulvn| edqnv
duh doorzhg lqwr wkh qhwwlqj v|vwhpv1 V|vwhplf ulvn lv wkhuhiruh kljkhu wkdq ghvludeoh1
Xquhjxodwhg sulydwh v|vwhpv duh wrr ulvn| ehfdxvh edqnv idfh olplwhg oldelolw|1 Edqnv
gr wkhuhiruh qrw wdnh lqwr dffrxqw wkh ixoo frvw ri edqnuxswf|1 Wkh lqh!flhqf| ri wkh
sxeolfo| lpsohphqwhg v|vwhp vwhpv iurp qdwlrqdo vxshuylvlrq1 Wkh qdwlrqdo vxshuyl0
vruv* lqfhqwlyhv duh qrw shuihfwo| doljqhg/ ehfdxvh wkh iruhljq hfrqrp| fduulhv vrph ri
wkh frvwv ri idloxuh lq d qhw vhwwohphqw v|vwhp1 Wkhuhiruh/ wkh orfdo vxshuylvruv kdyh
lqfhqwlyhv wr xqghuvwdwh wkh ulvn ri wkh orfdo edqn wr lqgxfh qhw vhwwohphqw lq fdvhv
zkhuh wkh iruhljq hfrqrp| zrxog suhihu jurvv vhwwohphqw1
Zh qg wkdw li wkh sulydwh edqnv kdyh wkh vdph lqirupdwlrq dv wkh sxeolf dxwkrulwlhv/
wkh ghflvlrq derxw wkh prgh ri vhwwohphqw vkrxog eh pdgh e| wkh sxeolf uhjxodwru1
Krzhyhu/ li wkh sulydwh edqnv srvvhvv vxshulru lqirupdwlrq derxw wkh iruhljq edqn*v
ulvn/ vd|/ ehfdxvh ri d kljk ghjuhh ri lqwhjudwlrq lq qdqfldo pdunhwv/ lw fdq eh h!flhqw
wr ohdyh wklv ghflvlrq wr wkh sulydwh edqnv1 Sulydwh dffhvv uhjxodwlrq grhv hvshfldoo|
zhoo lq whupv ri zhoiduh li wkh v|vwhplf lpsdfw ri d idloxuh lv orz/ dv wkh sulydwh edqnv
lqwhuqdol}h prvw ri wkh frvwv ri qhw vhwwohphqw1 Rq wkh rwkhu kdqg/ zkhq idloxuhv
sursdjdwh wkurxjk wkh v|vwhp/ wkh fxvwrphuv ehdu prvw ri wkh frvw ri wkh v|vwhplf
fulvlv1 Wkhq/ wkh fdvh iru sxeolf uhjxodwlrq lv vwurqjhu1
Rxu prgho frxog eh lqwhusuhwhg lq ylhz ri wkh vlwxdwlrq lq wkh hxur0duhd zkhuh lqwhu0
qdwlrqdo UWJV dqg qhwwlqj v|vwhpv frh{lvw1 Lw srlqwv rxw flufxpvwdqfhv xqghu zklfk
d kdqgv0r srolf| vkrxog eh iroorzhg zlwk uhjdug wr sd|phqw v|vwhp uhjxodwlrq1
Wkh iudphzrun frxog dovr eh xvhg wr dqdo|}h grphvwlf sd|phqw v|vwhpv lq zklfk
iruhljq edqnv sduwlflsdwh1 Li wkhvh edqnv duh vxemhfw wr krph0frxqwu| vxshuylvlrq/
vlplodu frppxqlfdwlrq sureohpv fdq dulvh ehwzhhq krvw0 dqg krph frxqwu| vxshuyl0
vruv1 Ilqdoo|/ wkh frppxqlfdwlrq h{fkdqjh prghoohg lq wklv sdshu frxog eh xvhg wr
vwxg| wkh vxshuylvru| iudphzrun qrw rqo| iru sd|phqw v|vwhpv/ exw pruh jhqhudoo|
iru lqwhuqdwlrqdo edqnlqj1
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^4` Edqn iru Lqwhuqdwlrqdo Vhwwohphqwv/ 4<;</ Uhsruw rq Qhwwlqj Vfkhphv +Dqjhoo
Uhsruw,/ suhsduhg e| wkh Jurxs ri H{shuwv rq Sd|phqw V|vwhpv ri wkh Fhqwudo
Edqnv ri wkh J043 frxqwulhv/ Edvho1
^5` Edqn iru Lqwhuqdwlrqdo Vhwwohphqwv/ 4<<3/ Uhsruw ri wkh Frpplwwhh rq Lqwhu0
edqn Qhwwlqj Vfkhphv ri wkh Fhqwudo Edqnv ri wkh Jurxs ri Whq Frxqwulhv
+Odpidoxvv| Uhsruw,/ Edvho1
^6` Edqn iru Lqwhuqdwlrqdo Vhwwohphqwv/4<<6/ Fhqwudo Edqn Sd|phqw dqg Vhwwohphqw
Vhuylfhv zlwk Uhvshfw wr Furvv0erughu dqg Pxowl0fxuuhqf| Wudqvdfwlrqv +Qrîo
Uhsruw,/ Edvho1
^7` Fudzirug/ Y1 S1/ dqg M1 Vreho/ 4<;5/ Vwudwhjlf Lqirupdwlrq Wudqvplvvlrq/
Hfrqrphwulfd/ 83/ 476447841
^8` gh Edqgw/ R1/ dqg S1 Kduwpdqq/ 4<<</ V|vwhplf Ulvn= D Vxuyh|/ plphr/
Hxurshdq Fhqwudo Edqn/ Iudqnixuw1
^9` Iuhl{dv/ [1/ dqg E1 Sduljl/ 4<<;/ Frqwdjlrq dqg H!flhqf| lq Jurvv dqg Qhw
Lqwhuedqn Sd|phqw V|vwhpv/ Mrxuqdo ri Ilqdqfldo Lqwhuphgldwlrq/ 43/ 60641
^:` Jldqqlql/ F1/ dqg F1 Prqwlfhool/ 4<<8/ Zklfk WDUJHW iru Prqhwdu| Srolf| lq
Vwdjh WkuhhB Lvvxhv lq wkh Vkdslqj ri wkh Hxurshdq Sd|phqw V|vwhp/ Whpl gl
glvfxvvlrqh gho Vhuyl}lr Vwxgl 58:/ Edqfd g* Lwdold/ Urph1
^;` Jlrydqqlql/ D1/ 4<<5/ Fhqwudo Edqnlqj lq d Prqhwdu| Xqlrq= Uh hfwlrqv rq wkh
sursrvhg vwdwxwh ri wkh Hxurshdq Fhqwudo Edqn lq Wkh Ghedwh rq Prqh| dqg
Hxursh/ PLW suhvv/ Fdpeulgjh/ PD1
^<` Ndkq/ F1/ dqg Z1 Urehugv/ 4<<;/ Sd|phqw V|vwhp Vhwwohphqw dqg Edqn Lq0
fhqwlyhv/ Uhylhz ri Ilqdqfldo Vwxglhv/ 44 +7,/ ;780;:31
^43` Pdvfldqgdur/ G1/ dqg O1 Fdshood/ 4<<</ Frpsdulqj Qdwlrqdo Ghsrvlw Lqvxudqfh
V|vwhpv*/ plphr/ Xqlyhuvlwd Erffrql/ Plodqr1
^44` Phoxpdg/ Q1 G1/ dqg W1 Vkledqr/ 4<<4/ Frppxqlfdwlrq lq vhwwlqjv zlwk qr
wudqvihuv/ UDQG Mrxuqdo ri Hfrqrplfv/ 55/ 4:64<;1
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qdo ri Prqh|/ Fuhglw dqg Edqnlqj/ 5;/ ;65;951
^46` Vfkrhqpdnhu/ G1 4<<8/ Edqnlqj Vxshuylvlrq lq Vwdjh Wkuhh ri HPX/ Vshfldo
Sdshu Qr1 :5/ OVH Ilqdqfldo Pdunhwv Jurxs/ Orqgrq1
^47` Vwhlq/ M1 F1/ 4<;</ Fkhds Wdon dqg wkh Ihg= D Wkhru| ri Lpsuhflvh Srolf|
Dqqrxqfhphqwv/ Wkh Dphulfdq Hfrqrplf Uhylhz/ :</ 65751
^48` Vxpphuv/ E1/ 4<<4/ Fohdulqj dqg Sd|phqw V|vwhpv= Wkh Uroh ri wkh Fhqwudo
Edqn/ Ihghudo Uhvhuyh Exoohwlq/ ::/ ;40<41
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D141 Sursrvlwlrq 4
Zh orrn iru dq lqfhqwlyh frpsdwleoh vfkhph vxfk wkdw li d vxshuylvru vljqdov wkdw
w k hw | s hr iw k hs u l y d w he d q nl vt￿> kh frpplwv wr vhwwolqj rq d qhw edvlv zkhqhyhu
wkh iruhljq vxshuylvru vljqdov t￿  ?+t￿,1 Iru wklv vfkhph wr eh ihdvleoh/ lq wkh
vhqvh wkdw doo w|shv vhwwoh qhw zkhqhyhu wkh iruhljq edqn kdv d ulvn orzhu wkdq ?+,/
?+, kdv wr eh v|pphwulf= ?+,@+  ?,3￿+, iru doo t 5 ^3>t`1G h  q h i￿+t￿, vw1
Z￿+t￿>i ￿+t￿,, @ 31 Lw iroorzv iurp +714,=
i￿+t￿,@
+4  t￿,+U  4,O




+U  4,O  tU
+U 4,O  t+U  O,
=
Vwhs 4= i￿+, lv qrw v|pphwulf=
Surri= Iru doo 3 ?O?4 dqg UA4 zh kdyh wkdw i￿+3, ? +i￿,3￿+3,1 i￿+, lv wkhuhiruh
qrw v|pphwulf1
Vwhs 5= ?+t, fdqqrw eh frqwlqxrxvo| lqfuhdvlqj ru ghfuhdvlqj rq dq rshq vhw1
Surri= Vxssrvh wkhuh h{lvwv vrph t vw1 ?+t, ?i ￿+t,1L i?+, lv vwulfwo| lqfuhdvlqj/
wkhuh h{lvwv vrph % vw1 ?+t, ? ?+t.%,  i￿+t,1 D vxshuylvru zlwk d sulydwh edqn ri
w|sh t zloo wkhuhiruh kdyh lqfhqwlyhv wr ghyldwh dqg vljqdo wkh w|sh t.%1 Rq wkh rwkhu
kdqg/ li ?+, lv vwulfwo| ghfuhdvlqj/ wkhuh h{lvw vrph % vw1 ?+t, ? ?+t%,  i￿+t,1
D vxshuylvru zlwk d sulydwh edqn ri w|sh t zloo wkhuhiruh kdyh lqfhqwlyhv wr ghyldwh1
D vlplodu dujxphqw dssolhv wr ?+t, Ai ￿+t,1L i?+, lv vwulfwo| lq0 ru ghfuhdvlqj rq
dq rshq vhw/ lw kdv wr eh wkdw ?+,@i￿+,1 Krzhyhu/ dv i￿+, lv qrw v|pphwulf/ wklv
qrw d ihdvleoh vfkhph1























Surri= Lqfhqwlyh frpsdwlelolw| uhtxluhv wkdw doo t￿ 5 +t?
￿3￿>t?
￿ ` suhihu wr vhwwoh qhw zlwk
doo t￿  t?
￿n￿/ lqvwhdg ri grlqj qhw vhwwohphqw rqo| zlwk t￿  t?
￿ / zkloh wkh rssrvlwh
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￿ >t?







































































; t 5 +t?
￿ >t?
￿n￿`1


































 3 ; t 5 +t?
￿ >t?
￿n￿`1 +D17,
















































doo t 5 +t?
￿3￿>t?






















; t 5 +t?
￿3￿>t?
￿ `1









-3u / zklfk frqwudglfwv +D18,1
Vlploduo|/ lw fdq eh vkrzq wkdw li t?
￿ ?t ?










-3u / zklfk lv vdwlvhg1 Zh kdyh wkhuhiruh vkrzq wkdw lw lv
qrw rswlpdo wr ghyldwh wr d qhljkerulqj lqwhuydo1 Lw fdq eh vkrzq dorqj wkh vdph
olqhv wkdw lw lv qrw rswlpdo wr ghyldwh wr dq| rwkhu lqwhuydo1 +D15, dqg t?
￿ ?t ?
￿n￿ duh
wkhuhiruh vx!flhqw frqglwlrqv iru wkh vfkhph wr eh lqfhqwlyh frpsdwleoh1




iroorzv iurp v|pphwu| ri ?+,> +D15,/ dqg t?
￿ ?t ?
2 ? === ? t?
?3￿1 
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Li wkh vljqdov duh qrq0elqglqj/ wkh wlplqj lv wkh iroorzlqj= Iluvw wkh vxshuylvruv
vlpxowdqhrxvo| vhqg d vljqdo derxw wkhlu w|sh1 Diwhuzdugv wkh| ghflgh vlpxowdqhrxvo|
zkhwkhu wr dffhsw ru wr uhmhfw qhw vhwwohphqw1 Qhw vhwwohphqw lv rqo| lpsohphqwhg li
erwk vxshuylvruv dffhsw lw1
Lq htxloleulxp/ wkh vxshuylvruv gr qrw vljqdo wkh orfdo edqn*v w|sh exw lqvwhdg wr
zklfk lqwhuydo lw ehorqjv +vhh/ h1j1/ Fudzirug dqg Vreho +4<;5, dqg Vwhlq +4<;<,,1
Dvvxph wkdw wkh lqwhuydov duh jlyhq e| Sursrvlwlrq 41 Zh zdqw wr vkrz wkdw wkh
vfkhphv fkdudfwhul}hg e| Sursrvlwlrq 4 duh vxvwdlqdeoh lq wkh iroorzlqj vhqvh= Wkh
vxshuylvruv wuxwkixoo| uhyhdo wr zklfk lqwhuydo wkh sulydwh edqnv ehorqj/ dqg d sulydwh
edqn lq lqwhuydo L￿ lv doorzhg wr gr qhw vhwwohphqw li dqg rqo| li wkh iruhljq edqn
e h o r q j vw rd ql q w h u y d ov p d o o h ur uh t x d ow rL?3￿1
Vxssrvh wkdw wkh iruhljq vxshuylvru wuxwkixoo| uhyhdov wkh iruhljq edqn*v lqwhuydo1 Wkh
h{shfwhg w|sh ri d edqn lq lqwhuydo L5 lv ￿
2+t?
?353￿ . t?
?35,= Frqvlghu t 5 L￿1I u r p














￿ lv wkh xsshu olplw ri L￿/ doo edqnv lq L￿ duh doorzhg wr vhwwoh qhw zlwk d iruhljq
edqn lq L?3￿1 Lw iroorzv lpphgldwho| wkdw wkh sulydwh edqn lv dovr doorzhg wr gr qhw
vhwwohphqw li wkh iruhljq edqn ehorqjv wr dq lqwhuydo orzhu wkdq L?3￿1 Frqvlghu lqvwhdg
t?













lw iroorzv wkdw d sulydwh edqn lq L￿ lv qrw doorzhg wr gr qhw vhwwohphqw zlwk d iruhljq
edqn lq L?3￿n￿ +ru d kljkhu lqwhuydo,1
Z hv h hw k d wdo r f d oe d q nl qL￿ lv doorzhg e| wkh vxshuylvru wr qhw wudqvihuv rxw zlwk
wkh iruhljq edqn li dqg rqo| wkh li iruhljq edqn ehorqjv wr dq lqwhuydo lq iL￿>===>L?3￿j>
l1h1 iru doo t￿  t?
?3￿1
Lw lv ohiw wr vkrz wkdw wkh vxshuylvruv uhyhdo wuxwkixoo| wkh lqwhuydo wr zklfk wkh orfdo
edqn ehorqjv1 Li wkh orfdo vxshuylvru vljqdov wuxwkixoo| wkdw wkh orfdo edqn lv lq L￿/
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vljqdo wkdw wkh sulydwh edqn ehorqjv wr L5/ }?l 1 Wkh iruhljq vxshuylvru zrxog
doorz qhw vhwwohphqw li wkh iruhljq sulydwh edqnv ehorqjhg wr iL￿>===>L?35j1K r z h y h u /
dv wkh orfdo vxshuylvru grhv qrw doorz qhw vhwwohphqw li wkh iruhljq edqn ehorqjv wr
iL?3￿n￿>===>L?35j/ wuxwkixo uhyhodwlrq jlyhv wkh vdph h{shfwhg zhoiduh dv vljqdoolqj
d orzhu lqwhuydo1 Frqvlghu lqvwhdg d ghyldwlrq wr L+/ |Al 1 Wkh iruhljq vxshuylvru
wkhq doorzv qhw vhwwohphqw iru doo iL￿>===>L?3+j1 Khuh wuxwkixo uhyhodwlrq grplqdwhv
vljqdoolqj L+ dv wkh orfdo vxshuylvru suhihuv qhw vhwwohphqw li wkh iruhljq sulydwh edqnv
ehorqjv wr iL?3+n￿>===>L?3￿j1 Wkh vxshuylvruv wkxv uhyhdo wuxwkixoo| wkh lqwhuydo wr
zklfk wkh orfdo edqn ehorqjv1 
D161 Sursrvlwlrq 5 dqg Ohppd 5
D16141 H{lvwhqfh dqg Xqltxhqhvv ri wkh Vfkhph zlwk 5 Lqwhuydov
Iurp Sursrvlwlrq 4 lw iroorzv wkdw t2













U .+ U  4,O

t  +U  4,O @3 +D19,
Lw fdq eh vkrzq wkdw wkhuh lv rqo| rqh uhohydqw vroxwlrq wr wklv htxdwlrq dqg wkdw
t2




2U .+ U  4,O 
t￿
2U .+ U  4,O
2  5+U  O,+U  4,O
U O
= +D1:,
Qrwh wkdw wklv uhvxow grhv qrw ghshqg rq Dvvxpswlrq 61
D16151 H{lvwhqfh dqg Xqltxhqhvv ri wkh Vfkhph zlwk 6 Lqwhuydov ru pruh




Vlqfh Z+t￿>t ￿,@3lv grzqzdug vorslqj/ iru Z+{￿>| ￿,@3dqg Z+{2>| 2,@3 /
zh kdyh {￿ ?{ 2 +, |￿ A| 21
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?3￿ ?t 2
￿1 Lw iroorzv iurp +D1;, wkdw t?
￿ At 2
￿1 Exw wklv lv d frqwudglfwlrq
vlqfh t?
￿ ?t ?
?3￿1W k x v /t2
￿  t?
?3￿1 Xvlqj d vlplodu dujxphqw/ lw iroorzv wkdw t?
￿  t2
￿1
Vwhs 5= Lqgxfwlyh ghqlwlrq ri vhwv1
Frqvlghu d vfkhph zlwk q lqwhuydov dqg dvvxph wkdw q lv hyhq1 Wkh vhwv duh ghqhg
lq dq dqdorjrxv zd| iru q xqhyhq1 Iurp vwhs 4/ zh nqrz wkdw t2
￿  t?
?3￿  t1G h  q h
e| V￿ wkh vhw ri doo t?





Qrwh wkdw wklv vhw lv lghqwlfdo iru doo q1
Qrz uhjdug wkh uvw ri wkh lqfhqwlyh frqvwudlqwv/ Z+t?
?3￿> ￿
2t?
￿,@3 1 Xvlqj wklv
htxdwlrq/ zh fdq fkdudfwhul}h wkh vhw ri doo srvvleoh +t?
￿>t?
?3￿,/ zklfk zh ghqrwh V21
Wzr frqglwlrqv qhhg wr eh ixooohg iru t?
￿ wr irup sduw ri d q0lqwhuydo vfkhph= Iluvwo|/
t?
￿ qhhgv wr ixooo wkh uvw lqfhqwlyh frqvwudlqw iru d t?
?3￿ 5 V￿1V h f r q g o | /t?
￿ qhhgv wr
vdwlvi| 3  t?
￿  t2




















?32, ,@3 1W k l v
htxdwlrq lpsolflwo| ghqhv t?
?32 dv d ixqfwlrq ri t?
￿ dqg t?
?3￿1 Vlploduo| wr deryh/
zh fdq qrz ghqh dv V￿ wkh vhw ri doo srvvleoh +t?
￿>t?
?32>t?
?3￿, zklfk ixooo wklv odvw
lqfhqwlyh frqvwudlqw iru doo dgplvvleoh t?
￿ dqg t?



























Lq d vlplodu idvklrq/ zh fdq qrz surfhhg xvlqj wkh vhfrqg frqvwudlqw wr rewdlq d vhw
wkdw lqfoxghv t?
2 +ghqrwhg Ve,/ wkh vhfrqg0odvw frqvwudlqw wr rewdlq d vhw wkdw lqfoxghv
t?
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A A A A ?


















A A A A @
A A A A >
=
V?3￿ lv ri wkh vdph glphqvlrq dv d vroxwlrq wr wkh vfkhph/ exw lw grhv qrw wdnh wkh odvw
frqvwudlqw lqwr dffrxqw1 Zh ghqh wkh vhw V? wkh vdph zd| dv ehiruh1 Wklv/ krzhyhu/
lpsolhv wkdw wkh hohphqwv lq V? duh ri rqh glphqvlrq kljkhu wkdq wkh vroxwlrq1 Lq
sduwlfxodu/ wkh hohphqwv lq V? kdyh wzr hqwulhv t?3?*2 +ghqhg lq V?3￿,d q gt?
?*2
+ghqhg lq V?, uhihuulqj wr wkh vdph yduldeoh1
V? @
;
A A A A ?

















A A A A @
A A A A >
Vwhs 6= Frqglwlrqv iru h{lvwhqfh ri d vfkhph zlwk q lqwhuydov1
Wkh hohphqwv lq V? frqwdlq wzr hqwulhv fruuhvsrqglqj wr wkh yduldeoh t?*2 +h t?
?*2 dqg
t?3?*2,1 Khqfh/ wkhuh h{lvw d vfkhph zlwk q lqwhuydov li dqg rqo| li wkhuh h{lvwv dq
hohphqw lq V? vdwlvi|lqj t?
?*2 @ t?3?*2 dqg 3 ?t ?
￿ ? === ? t?
?3￿ ? 41 Qrwlfh wkdw wkh
vhw V￿ lv lghqwlfdo iru doo vfkhphv zlwk l lqwhuydov ru pruh/ ehfdxvh wkh frqvwudlqwv
ghqlqj wkh vhwv duh wkh vdph1 Li V￿ @ >/ lw lpsolhv wkdw wkhuh fdqqrw h{lvw d vfkhph
zlwk l lqwhuydov1 Krzhyhu/ lw dovr lpsolhv wkdw wkhuh fdqqrw h{lvw vfkhphv zlwk pruh





?3￿  3 +A 3, li Dvvxpswlrq 6 krogv +grhv qrw krog,1
Xqghu Dvvxpswlrq 6/ wkh vxshuylvruv zloo qrw doorz qhw vhwwohphqw li wkh| uhfhlyh qr
dgglwlrqdo lqirupdwlrq derxw wkh iruhljq edqn*v w|sh1 Li wkh vxshuylvruv uhfhlyh qr
lqirupdwlrq/ wkh h{shfwhg w|sh ri wkh iruhljq edqn lv ￿
21 Xqghu Dvvxpswlrq 6/ lw pxvw
krog wkdw Z￿+t> ￿
2,  3 iru doo t 5 ^3>4`1 Wklv frqglwlrq lv vdwlvhg li dqg rqo| li
5+U  4,O@U  41
Zh zloo qhhg dq dgglwlrqdo elw ri qrwdwlrq1 Iurp wkh ghqlwlrqv ri wkh vhwv/ lw fdq
eh vhhq wkdw doo wkh yduldeohv fdq eh zulwwhq dv d ixqfwlrq ri t?
?3￿1Z h w k x v g h 0
qrwh t?
￿ +t?
?3￿, wkh ydoxh ri t?
￿ dv d ixqfwlrq ri t?




















5+U  4,O+4  t?
?3￿,
t?
?3￿O .+ 4 t?
?3￿,U
1









?3￿O .+ 4 t?
?3￿,U,2+t?
￿O .+ 4 t?
￿,U,2  41




?3￿  3 lpsolhv wkdw
5+U  4,O2
t?
￿O .+ 4 t?
￿,U
 t?
?3￿O .+ 4 t?
?3￿,U1
Xvlqj wkh h{suhvvlrq t?
￿ @5 + U  4,O+4  t?
?3￿,@+t?











Lw lv hdv| wr yhuli| wkdw wklv frqglwlrq lv vdwlvhg li dqg rqo| li Dvvxpswlrq 6 krogv1
Vwhs 8= Xqghu Dvvxpswlrq 6 wkhuh h{lvwv qr vfkhph zlwk wkuhh lqwhuydov ru pruh1
Ehiruh vwxg|lqj V￿/ ohw xv ghwhuplqh V21L wl vh d v |w ry h u l i |w k d wd o oy d o x h vr it?
?3￿ lq
V￿ dovr duh d sduw ri V21 t?
￿+, lv vwulfwo| ghfuhdvlqj dqg frqwlqxrxv lq t?
?3￿ dqg wdnhv





O h wx vq r zw x u qw rV￿1 Vxssrvh uvw wkdw 5+U  4,O@U ? 41I r u t?
?3￿ @ t2
￿/w k h
orzhvw ydoxh ri t?
?3￿lq V2/z hk d y ht?
￿+t2
￿,@t2





















?3￿ ? 31 Wklv ylrodwhv 3  t?
￿  t?
?32/v rV￿ @ >1V l q f h V￿
lv hpsw|/ wkhuh fdqqrw h{lvw vfkhphv zlwk wkuhh lqwhuydov ru pruh1 Qh{w/ frqvlghu
5+U  4,O@U @4 1 Khuh/ V￿ frqvlvwv ri wkh hohphqw +t?
￿>t?
?32>t?
?3￿,@+ 3 >3>4,1I r u
q @6 / wkhuh h{lvw qr vroxwlrq/ vlqfh wkh frqglwlrq t￿
￿ A 3 lv qrw vdwlvhg1 Wkhuh dovr
h{lvw qr vfkhphv zlwk pruh wkdq q lqwhuydov/ dv wkh frqglwlrq t?
?32 At ?
￿ lv ylrodwhg1
Vwhs 9= Li Dvvxpswlrq 6 grhv qrw krog/ wkhuh h{lvwv d xqltxh vfkhph zlwk wkuhh
lqwhuydov1






31I r u t?
?3￿ @4 / wkh kljkhvw ydoxh ri t?
?3￿ lq V2/z hk d y ht?
￿+ 4 ,@3?t ?
?32+4, @
2E-3￿￿u
-  41L q V2/ t?
?3￿ wdnhv rq doo ydoxhv ehwzhhq t2
￿ dqg 41 t?
￿+, dqg t?
?32+,
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?3￿1 Wkhuhiruh/ vlqfh t?
￿+, dqg t?
?32+, duh vwulfwo| ghfuhdvlqj dqg
lqfuhdvlqj lq t?
?3￿/ uhvshfwlyho|/ wkhuh h{lvwv d xqltxh t?
?3￿/ t?
?3￿/ ehorqjlqj wr +t2
￿>4,





?3￿ ? 41 Zh frqfoxgh wkdw wkhuh h{lvwv d
xqltxh vfkhph zlwk wkuhh lqwhuydov1
D171 Ohppd 4 dqg Sursrvlwlrq 6
Zh qhhg wr vkrz wkdw wkh wzr0lqwhuydo vfkhph ohdgv wr d kljkhu h{shfwhg zhoiduh
wkdq zrxog dozd|v fkrrvlqj jurvv ru qhw vhwwohphqw1 Li wkh vxshuylvruv lpsohphqw
wkh vfkhph zlwk wzr lqwhuydov/ wkh| fdq dozd|v rewdlq d jurvv vhwwohphqw v|vwhp e|
vljqdoolqj t￿ @4 1 Lq htxloleulxp/ krzhyhu/ wkh vxshuylvruv vljqdo wkh edqnv* wuxh
w|shv1 Lw iroorzv iurp d uhyhdohg suhihuhqfh dujxphqw wkdw wkh vfkhph zlwk wzr
lqwhuydov jlyhv kljkhu h{shfwhg zhoiduh wkdq dozd|v lpsohphqwlqj d jurvv vhwwohphqw
v|vwhp1
Qh{w/ zh vkrz wkh vfkhph zlwk wzr lqwhuydov dovr grplqdwhv d qhw vhwwohphqw v|vwhp
iru doo +t￿>t ￿,1O h wh t eh wkh hqg srlqw ri wkh uvw lqwhuydo lq d wzr lqwhuydo vfkhph>


















zkhuh wkh lqwhuhvw udwh lv jlyhq e| +E14, zlwk h t @ t￿-1 Lqwhjudwlrq dqg pd{lpl}dwlrq







h t+UO . U  O,.5 O+U  4, @ 3
Ohw h tW eh wkh vroxwlrq wr wkh uvw rughu frqglwlrq1 Dqdo|vlv ri wkh uvw rughu ghulydwlyh
vkrzv wkdw zhoiduh lqfuhdvhv xs wr h t @ h tW/ dqg ghfuhdvhv diwhuzdugv1 Fdofxodwlrqv
vkrz wkdw t2
￿ A h tW dqg Sursrvlwlrq 6 iroorzv1 Ixuwkhupruh/ qhw vhwwohphqw iru doo
+t￿>t 2, jlyhv d orzhu h{shfwhg zhoiduh wkdq wkh vfkhph zlwk wzr lqwhuydov dv 4 At 2
￿ A
h tW dqg Ohppd 4 iroorzv1 
D181 Sursrvlwlrq 7
Lq wkh uhjxodwru| jdph wkh sulydwh edqnv pryh uvw dqg sursrvh wkh prgh ri vhwwoh0
phqw1 Zh vdz lq vhfwlrq 7 wkdw wkh vxshuylvruv doorz qhw vhwwohphqw li dqg rqo| li
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￿1 Iru wklv wr eh wkh htxloleulxp rxwfrph/
krzhyhu/ wkh sulydwh edqnv pxvw sursrvh qhw vhwwohphqw li wkh| duh erwk ri d w|sh
orzhu wkdq t2
￿1
Wkh sulydwh edqnv fdq h{fkdqjh lqirupdwlrq/ zklfk lv prghohg vlploduo| wr wkh uhjx0
odwruv* h{fkdqjh ghvfulehg lq vhfwlrq 715141 Wkh sulydwh edqnv djuhh dw wlph W @ 4
rq d vfkhph wkdw pdsv wkh vljqdov vhqw e| wkh wzr edqnv lqwr d sursrvdo pdgh wr
wkh vxshuylvruv1 Zh rqo| frqvlghu vfkhphv zkhuh erwk edqnv hlwkhu sursrvh qhw ru
jurvv vhwwohphqw/ dv lw lv luuhohydqw zkhwkhu rqh ru wzr ri wkh edqnv sursrvh jurvv
vhwwohphqw1 Ghqrwh wkh vfkhph e| ￿-+,1 Zh uhvwulfw dwwhqwlrq wr lqfhqwlyh frp0
sdwleoh dqg slhfh0zlvh frqwlqxrxv vfkhphv zkhuh wkh edqnv sursrvh qhw vhwwohphqw li
dqg rqo| li t￿  ￿-+t￿,1 Ilqdoo|/ ￿-+, pxvw eh v|pphwulf dv ghqhg lq wkh surri
ri Sursrvlwlrq 41
Iluvw/ wulyldo vfkhphv lq zklfk edqnv djuhh wr dozd|v vhwwoh lq d qhw ru dozd|v lq d
jurvv v|vwhp h{lvw1 Qh{w/ ohw xv frqvlghu vfkhphv zkhuh wkh sursrvdo pdgh ghshqgv
rq wkh vljqdov vhqw1 Vlplodu wr wkh lqirupdwlrq h{fkdqjh ri wkh uhjxodwruv/ zh qg wkdw
dq| lqfhqwlyh frpsdwleoh vfkhph ￿-+, lv d vwhs ixqfwlrq1 Wkh surri lv dqdorjrxv





￿ / iru zklfk ￿-+t￿
￿, 9@ ￿-+t￿￿






























zkhuh ￿  ￿-+t￿
￿, dqg ￿￿  ￿-+t￿￿
￿ ,1I r ut￿￿
￿ / wkh uhyhuvh lqhtxdolw| qhhgv wr krog1
Vlqfh wkh edqnv* suhihuhqfhv duh lqghshqghqw ri wkhlu w|sh/ erwk frqvwudlqwv kdyh wr eh
ixooohg vlpxowdqhrxvo| iru dq| t￿ 5 ^3>4`1 Wkhuhiruh/ +D1<, kdv wr krog zlwk htxdolw|1
Ghqlqj ￿+t￿>t ￿,  ￿
￿+t￿>t ￿,  ￿
C+t￿,/ zh qg wkdw iru dq| t￿/ wkh frqvwudlqw
uhgxfhv wr ￿￿+t￿> ￿
2￿,@ ￿￿￿+t￿> ￿
2+t￿￿









zlwk t￿- ghqhg e| +814,1 V|pphwu| dqg htxdwlrq +D143, lpso| wkdw wkhuh fdq eh
rqo| rqh mxps> l1h1 wkh vfkhph frqvlvwv ri pd{lpdoo| wzr lqwhuydov1
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irupdwlrq1 Ohw h t2
￿ ghqrwh wkh hqgsrlqw ri wkh uvw lqwhuydo lq wkh sxeolf wzr lqwhuydo
vfkhph1 +Vlqfh wkhuh fdqqrw h{lvw vfkhphv zlwk pruh wkdq wzr lqwhuydov li wkh sulydwh
sursrvh qhw vhwwohphqw iru doo w|shv/ vhh Ohppd 4/ wkhvh vfkhphv gr dovr qrw h{lvw li
wkh sulydwh edqnv sursrvh qhw vhwwohphqw rqo| iru d vxevhw ri w|shv1, Wkh vxshuyl0
vruv rqo| doorz qhw vhwwohphqw li erwk edqnv duh ri d w|sh orzhu ru htxdo wr h t2
￿1W k h
sursrvdo pdgh iru w|shv kljkhu wkdq h t2
￿ lv wkxv luuhohydqw1
Ghqrwh wkh sulydwh wkuhvkrog h t￿-1 Ehfdxvh wkhuh fdq eh rqo| rqh mxps/ wkhuh duh
rqo| wzr srvvleoh vfkhphv wkdw wkh sulydwh edqnv fdq djuhh xsrq1 Wkh uvw fdqglgdwh
vfkhph kdv wkh iroorzlqj vkdsh +*O0vkdshg*,=
￿-+t￿,@
;
A A A A ?
A A A A =
h t2
￿ iru t￿  h t￿-
h t￿- iru h t￿- ?t ￿  h t2
￿




h t￿- @5 t￿- h t2
￿ +D144,
zkhuh t￿- lv jlyhq e| +814,1 Lw iroorzv wkdw d qhfhvvdu| frqglwlrq iru wkh vfkhph wr
h{lvw lv h t2
￿ ? 5t￿-1 Frqvlghu qrz wkh sxeolf vfkhph1 Vxssrvh wkdw wkh orfdo edqn lv
ri wkh w|sh h t2
￿1 Iru wkh vfkhph wr eh lqfhqwlyh frpsdwleoh/ wkh vxshuylvru kdv wr eh
lqglhuhqw ehwzhhq jurvv vhwwohphqw dqg qhw vhwwohphqw zlwk wkh h{shfwhg w|sh ￿
2h t￿-1










Vroylqj +D144, dqg +D145, vkrzv wkdw ehfdxvh ri Dvvxpswlrq 6/ zklfk lpsolhv +U 
4,O@U  ￿
2/ wkhuh h{lvw qr vroxwlrq vdwlvi|lqj h t2
￿ ? 5t￿- Wkh uvw fdqglgdwh vfkhph
grhv wkxv qrw h{lvw1





h t￿- iru t￿  h t￿-
3 iru t￿ A h t￿-=
1
Wkh vxshuylvruv gr qrw doorz qhw vhwwohphqw iru t￿ At 2
￿/z k h u ht2
￿ lv jlyhq e| +D1:,1
Wkhsulydwhlqirupdwlrqh{fkdqjhlvwkhuhiruhrqo|uhohydqwliht￿-?t2
￿1W k hv f k h p h




h t￿-,@3/ h t￿- @5 t￿-1
Krzhyhu/ vwudljkwiruzdug fdofxodwlrqv vkrz wkdw t2
￿ ? h t￿- @5 t￿-1 Wkh sulydwh
edqnv fdq wkxv qrw dhfw wkh rxwfrph ri wkh jdph e| sod|lqj wkh vhfrqg fdqglgdwh
vfkhph1
Wkh rqo| wklqj ohiw wr vkrz lv wkdw iruhvhhlqj wkh sxeolf uhjxodwlrq/ wkh sulydwh edqnv
suhihu wr sursrvh qhw vhwwohphqw udwkhu wkdq jurvv vhwwohphqw1 Wkh h{shfwhg w|sh
ri wkh iruhljq edqn jlyhq wkdw qhw vhwwohphqw lv dssuryhg lv ￿
2t2
￿1V l q f h￿
2t2
￿ ?t ￿-/
wkh edqnv suhihu qhw vhwwohphqw zkhqhyhu lw lv doorzhg e| wkh vxshuylvru1 Lw lv wkxv
rswlpdo dozd|v wr sursrvh qhw vhwwohphqw/ dqg wkh dqdo|vlv lq vhfwlrq 7 jrhv wkurxjk1

D191 Sursrvlwlrq 8
Zh uvw vkrz wkdw wkhuh grhv qrw h{lvw d vfkhph zlwk wzr lqwhuydov dv ghqhg e|
Sursrvlwlrq 41 Wkh sulydwh edqnv sursrvh wr vhwwoh rq d qhw edvlv zkhqhyhu t￿>t 2 
+U 4,O@U1 Xvlqj +D1:, lw fdq eh vkrzq wkdw +U 4,O@U ? t2
￿1 Wkhuhiruh/ wkh wzr
lqwhuydo vfkhph grhv qrw h{lvw1 Lw iroorzv iurp Sursrvlwlrq 5 wkdw wkhuh grhv qrw h{lvw
vfkhphv zlwk pruh wkdq wzr lqwhuydov1 Lw lv ohiw wr vkrz wkdw wkh vxshuylvruv dffhsw
wkh sulydwh sursrvdo ri d qhw vhwwohphqw v|vwhp1 Wkh h{shfwhg w|sh ri wkh iruhljq
edqn jlyhq wkdw qhw vhwwohphqw kdv ehhq sursrvhg lv
E-3￿￿u








 3 iru doo t￿  -
-nu1D v t￿ 
E-3￿￿u
- ? -
-nu/l wl vr s w l p d ow r
dffhsw wkh sulydwh edqnv* sursrvdo1 
E1 Wkh Lqwhuhvw Udwh
Lq d qhw vhwwohphqw v|vwhp/ wkh fxvwrphuv uhfhlyh 4.u li wkh orfdo edqn grhv qrw idlo1
Li lv grhv idlo/ wkh sd|phqw uhfhlyhg e| fxvwrphuv ghshqgv rq zkhwkhu wkh iruhljq
edqn idlov ru qrw1 Li wkh iruhljq edqn vxffhhgv/ wkh fxvwrphuv uhfhlyh wkh uhvhuyhv
wkdw wkh edqn krogv soxv DVR/ u . w1 Li wkh iruhljq edqn dovr idlov/ wkh fxvwrphuv
duh rqo| sdlg u1 Lq d qhw vhwwohphqw v|vwhp/ wkh frqvxphu lq Frxqwu| l zloo wkhuhiruh
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S￿￿
￿ +t￿>t ￿,@+ 4 t￿,+4 . u,.t￿+4  t￿,+u . w,.t￿t￿u=
Vlploduo|/ lq d jurvv vhwwohphqw v|vwhp/ wkh fxvwrphuv uhfhlyh 4.u li wkh edqn vxffhhgv/
dqg w . u li lw idlov1 Khqfh/ wkh h{shfwhg sd|phqwv duh
SC+t￿>t ￿,@+ 4 t￿,+4 . u,.t￿+w . u,=
Wkh fxvwrphuv iruhvhh iru zklfk +t￿>t 2, qhw vhwwohphqw zloo eh fkrvhq lq htxloleulxp1
Wkh| dovr nqrz li sduwldo ru ixoo frqwdjlrq dssolhv1 Frqvlghu uvw d sulydwh v|vwhp1
Wkh lqwhuhvw udwh wkdw hqvxuhv wkh fxvwrphuv h{dfwo| }hur uhwxuq rq wkh ghsrvlwv lv










































F1 Rswlpdo Uhvhuyh Kroglqjv
Ghqrwh wkh dprxqw ri uhvhuyhv khog h w dqg wkh rswlpdo dprxqw ri uhvhuyhv wW1W k h







+4  u h w  |no3h |
u ,U  +4  w,
l
iru h w?w. u
+4  t￿,

+4  u h w,U  +4 h w,

iru h w  w . u
1
Lw lv hdv| wr yhuli| wkdw surwv duh lqfuhdvlqj lq h w iru h w  w . u/ dv wkh edqnv qhhgv
w.u uhvhuyhv wr vhwwoh sd|phqwv dqg wr sd| Fxvwrphuv D wkh surplvhg lqwhuhvw udwh1
Khqfh/ wW @ w1
Frqvlghu qh{w wkh qhw vhwwohphqw v|vwhp1L wf d qe hv k r z qw k d wl wl vq h y h ur s w l p d ow r
krog ohvv uhvhuyhv wkdq u/d vu h v h u y h vr iu duh qhhghg wr sd| Fxvwrphuv D1V x s s r v h
wkhuhiruh wkdw wkh edqn krogv h w  u uhvhuyhv1 Wkh surwv duh=








+4  u h w,U  4.h w  w

=
























w . u hovh
+F14,
Zh zdqw vkrz wkdw wkh sulydwh edqnv fkrrvh w @ u lq wkh uhjlrq zkhuh d qhw vhwwohphqw
v|vwhp lv lpsohphqwhg1 Vxssrvh uvw wkdw sulydwh edqnv kdyh shuihfw lqirupdwlrq





-3u 1 Khqfh/ wkh edqnv fkrrvh wW @ u1
Qrz vxssrvh wkdw wkh sulydwh edqnv kdyh qr lqirupdwlrqdo dgydqwdjh1 Ehiruh wkh
lqirupdwlrq h{fkdqjh/ wkh h{shfwhg w|sh ri wkh iruhljq edqn jlyhq wkdw wkhuh lv qhw
vhwwohphqw v|vwhp lv ￿
2?+t￿,1 Wkh vxshuylvru frxog rewdlq jurvv vhwwohphqw zlwk
fhuwdlqw| e| vljqdoolqj t￿ @4 1 Lqvwhdg/ lw frxog fkrrvh wr uhyhdo wkh w|sh wuxwkixoo|/
zklfk lpsolhv wkdw ￿
2?+t￿, 
E-3￿￿u
- 1 Diwhu wkh lqirupdwlrq h{fkdqjh/ wkh vxshuylvru
nqrzv wkh iruhljq edqn*v w|sh/ exw kh fdqqrw sdvv wklv lqirupdwlrq rq wr wkh orfdo
edqn1 Khqfh/ li qhw vhwwohphqw lv doorzhg/ wkh orfdo edqn eholhyhv wkh iruhljq edqn
lv ri wkh h{shfwhg w|sh ￿





-3u /l wi r o o r z vi u r p
+F14, wkdw wkh rswlpdo uhvhuyh kroglqj lv wW @ u1
Vxssrvh lqvwhdg wkdw vljqdov duh qrq0elqglqj/ vxfk wkdw wkh vxshuylvru rqo| nqrzv
wr zklfk lqwhuydo wkh iruhljq edqn ehorqjv1 Li wkh vxshuylvru doorzv qhw vhwwohphqw





- 1 Lw iroorzv wkdw
w k hs u l y d w he d q nf k r r v h vwW @ u zkhwkhu lw nqrzv wkdw wkh iruhljq edqn lv lq L5 ru
lw mxvw nqrzv wkdw qhw vhwwohphqw zdv dssuryhg e| wkh vxshuylvru1 Khqfh/ li vljqdov
duh qrq0elqglqj/ lw grhv qrw fkdqjh wkh sruwirolr fkrlfh li wkh vxshuylvru ohdnv wkh
lqirupdwlrq kh kdv derxw wkh iruhljq edqn*v w|sh wr wkh orfdo edqn1
48                                                                                                              ECB Working Paper No 22 l  June 2000ECB Working Paper No 22 •  June 2000 49
European Central Bank Working Paper Series
1 “A global hazard index for the world foreign exchange markets” by V. Brousseau and
F. Scacciavillani, May 1999.
2 “What does the single monetary policy do? A SVAR benchmark for the European Central
Bank” by C. Monticelli and O. Tristani, May 1999.
3 “Fiscal policy effectiveness and neutrality results in a non-Ricardian world” by C. Detken,
May 1999.
4 “From the ERM to the euro: new evidence on economic and policy convergence among
EU countries” by I. Angeloni and L. Dedola, May 1999.
5 “Core inflation: a review of some conceptual issues” by M. Wynne, May 1999.
6 “The demand for M3 in the euro area” by G. Coenen and J.-L. Vega, September 1999.
7 “A cross-country comparison of market structures in European banking” by O. de Bandt
and E. P. Davis, September 1999.
8 “Inflation zone targeting” by A. Orphanides and V. Wieland, October 1999.
9 “Asymptotic confidence bands for the estimated autocovariance and autocorrelation
functions of vector autoregressive models” by G. Coenen, January 2000.
10 “On the effectiveness of sterilized foreign exchange intervention” by R. Fatum,
February 2000.
11 “Is the yield curve a useful information variable for the Eurosystem?” by J. M. Berk and
P. van Bergeijk, February 2000.
12 “Indicator variables for optimal policy” by L. E. O. Svensson and M. Woodford,
February 2000.
13 “Monetary policy with uncertain parameters” by U. Söderström, February 2000.
14 “Assessing nominal income rules for monetary policy with model and data uncertainty”
by G. D. Rudebusch, February 2000.
15 “The quest for prosperity without inflation” by Athanasios Orphanides, March 2000.
16 “Estimating the implied distribution of the future short term interest rate using the Longstaff-
Schwartz model” by Peter Hördahl, March 2000.
17 “Alternative measures of the NAIRU in the euro area: estimates and assessment”
by Silvia Fabiani and Ricardo Mestre, March 2000.
18 “House prices and the macroeconomy in Europe: Results from a structural VAR analysis”
by Matteo Iacoviello, April 2000.50 ECB Working Paper No 22 •  June 2000
19 “The Euro and international capital markets” by Carsten Detken and Philipp Hartmann,
April 2000.
20 “Convergence of fiscal policies in the euro area” by O. de Bandt and F. P. Mongelli,
May 2000.
21  “Firm size and monetary policy transmission: evidence from German business survey data”
by M. Ehrmann, May 2000.
22  “Regulating access to international large-value payment systems” by C. Holthausen
and T. Rønde, June 2000.